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|. Objective and Scope. 


A parametric study of twir- and triple-screw p,opulsion systems 


for large icebreakers is conducted with respect to technical prop- 


erties and feasibility limits. 


aspects in particular: 


]. 
2. 


oo: ON Ww 


12. 
13. 
14. 
15. 


Bollard thrust, ahead, conventional propeller 
Bollard thrust, astern, conventional propeller 
Bollard thrust, ahead and astern, special compromise 
propeller, designed for astern operation 

Propulsive efficiency at advance speed of | knot 


Propulsive efficiency, free running at 18 knots 


Radial and axial clearances between propellers and huli 


Steering and maneuverability 
Propeller excited hull and shaft vibrations 
Propeller strength 
Cavitation 
Further, the effect of the following parameters had 
to be considered: 
Blade number, three versus four blades 
Hub size, solid and detachable blade screws 
Propeller diameter 
Area and power splitting ratio, I:1:1 versus 1:2:1 


Powering (SHP) 


The investigation is performed for three ship designs of diff- 


erent size: 


The study is devoted to the following 
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i Case I: 
300' LWL, 28' Draft, 70' Bean, 8,500 Tons 
15,000 to 45,000 SHP 
l Case II: 


350' LWL, 30' Draft, 80' Beam, 12,000 Tons 
30,000 to 60, 000 SHP 


400' LWL, 30' Draft, 90' Beam, 15,400 Tons _ 
30,000 to 60,000 SHP 
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tl. The Available Disk Area. 

The space which can be used for arranging propellers in the 
4 stern domain is limited by the dimensions of the ship, i.e. princi- 
pally by draft and beam, and by the clearances required between hul] 
[ and Propeller. tt is usually the aim of any design of heavily loaded 
propellers such as those for icebrezkers to provide as much disk 
area as possible; the disk area is of fcremost importance for the 
if performance of such screws. It is therefore necessary to find the 


maximum feasible diameters and disk areas of the twin- and triple- 


abt ge» “eerie SRR ae ieee  piioate a Uliana aan 1k tie YS ROR 


| | screw systems under consideration. 

4 A. The minimum tip submergence for the blade in its top 

i position was specified in the contract as 8 feet minimum. a 

rf B. The maximum tip submergence is also given in the con- 4 

oe tract which states that a margin of one foot below base : 

ik line must not be exceeded. : 
C. The lateral extension of the propulsion system is : 

rr limited by the available beam in general, and in particular 

os by the fact that the propeller shafting has to be of accep- 

et table length and angularity. Also, engines and gears must . 

; be conveniently locatable inside the hull. These facts s ‘ 

: restrict the distance of the shaft axis from the centerplane. : 


The situation was studied by comparison with similar icebreaker 


i designs. Figures* |, 2, and 3 show existing or proposed twin-screw 


: *Note that all figures are given in Appendix {1. 
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designs for which propeller arrangement plans could be found or de- 
duced. Table '* summarizes how much space is occupied by each of 
the two propellers, and what percentage of the beam remains free. 
Less information was available for the triple-screw system. The 
U.S.S.R. icebreaker Moskva", the only pertinent evidence on hand, 
Figure 4, could bevavaluated with the help of some reconstructive 
assumptions. 

"The first part of the following evaluations was based on pro- 
peller diameter/beam ratios 0.232 for each twin propeller and 0.58 
for the sum of all triple-scew diameters. The former value corres- 
ponds to about the average of the considered twin-screw designs, the 
latter was derived from the "Moskva". Both values were considered 
as sufficiently typical of modern design practice to result in fair 
comparisons. But upon Coast Guard request -a second part of the anal- 
ysis was then also carried through for ratios of 0.27 and 0.64 for 
twine and triple-screw systems, respectively. These assumptions are 
close to the limits of the design potential, but not unrealistic. 

The following maximum diameters were obtained for twin-screw 


systems: Dp Dp 
MAX/B=0. 232 MAX/B=0. 27 


DP 


Case |: 300'x28'x70' ship MAX = 16.25' | OPmax = 19.9! 


Case 11: 350'x30'x80' ship | PMAX = 18.56! | TPMAX = 21.6" | 
Case 111: 400'x30'x90' ship [PPMAX = 20.88' | OPmax = 23.0! 


For triple-screw systems, the useful beam b for the sum of 


the triple screws is as follows: 


*Note that all tables are given in Appendix |. 
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b/B = 0.58 b/B = 0.64 
300'x28'x70' ship 


fiz: 350'x30'x80' ship 


11i: 400'x30'x90' ship] b.= 52.2! 


The propeller size limitation in the draftwise direction is 21' in 
Case |, and 23' in Cases If and II]. So, it is less critical than 
the beam-wise limitation except in Case II! for DPMAX/B = 0.27, and 
for the center screw, when bp = 0.64. 

In the triple-screw case the available space b must be distri- 
huted among the three propellers. It is assumed that the sum of the 
propeller diameters equals b so that there is no gap between the 
disks as seen from behind nor any overlap. This is an acceptable 
arrangement aiming at the maximum possible space without unfavorable 
interference between propeller races*. A check showed that only 
small gains could be obtained by permitting some overlap so that it 
is hardly worthwhile risking detrimental interference effects. The 
maximum feasible diameters, the areas per screw, and the total disk 
area of the systems 1:1, 1:]:1, and 1:2:1 are shown in Table 2 for 
both sets of diameter limitations. Note that for the center screw, 
Case I11!, b/B = 0.64, only 23' diameter could be used because of 
draft restrictions. 

If the beam limitations are 0.232 and 0.58, the split 1:2:1 is 
most advantageous for all ship sizes. The disk area gains are only 


small though. The split 1:%:] resu'ts in the second highest disk 


areas. 


*But this goal would be reached more safely by providing | to 2 feet 


clearance between the disks. 
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If the design is pushed to the limiting ratios of 0.27 and 0.64, 


the 1:1 split is best in disk area for Cases | and [!, but suffers 
from draft limitations in Case iii. Only the split 1:1:1 is not re- 
stricted in draft so that its disk area is highest in this case while 
the 1:2:1 area ratio is second best in every case. 

The results show that small variations in ship size and beam 
and draft limitations may turn one alternative from worst to best 
although the gains are not dramatic. For optimal solutions careful 


comparisons are necessary. 
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Itt. Bollard Thrust Ahead. 

The thrust at zero speed of advance in the ahead direction is 
evaluated for 3 and 4 bladed Troost series propellers of two diff- 
erent blade area ratios (B3.50; 83.65; B4.55; B4.70). The thrust 


is found first for various diameters of individual screws as a func- 


tion of power input (SHP). and later on for certain twin- and triple- | 


screw combinations. 

The calculations are limited to propellers that operate at 
120 RPM in the bollard condition. For any diameter and SHP there is 
an RPM that will give the maximum thrust, and this RPM is in some 
cases larger than 120 RPM and in some cases smaller than 120 RPM. 
The investigation covers the commonly used pitch range of P/D = 9.5 
to 1.4. The greatest thrusts are obtained at the lowest pitch ratios 
when SHP and RPM are kept constant. This reflects the gains due to - 
increases in propeller diameter. Lower pitch ratios than P/D = 0.5, 
or still larger screws, are not recommendable, however, because of 
the unfavorable performance of such screws at other advance speeds. 

The evaluations are based on Troost propel ler charts, as pub- 
lished in Revterence 10. The B4.70 samples are reproduced here as 
Figures 5 and 6. These charts have been selected because they per- 
mit convenient readings at zero advance number. The Lewis Charts, 
Reference 12, which are similar, were not available immediately for 
all parameters of interest. 

A sample calculation is given in Table 3. A computer program 


was written for these calculations. A number of readings was taken 
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from the charts, and the final resuNts were obtained by having the 

computer interpolate between these readings (Michigan Library Sub- 
~“ 

routine TAB). The computer output is summarized in Tables 4 through 


15. 


Figures 7 through 10 illustrate the results. Thrust is plotted 


t against SHP with diameter as the parameter. The domain covers the 
1 range of common pitch ratios from P/D = 0.5 to 1.4. Boundary lines 


for these constant values are given to define the range of practicable 
The bollard condition is normally considered as the governing 
design condition for icebreaker propeller systems, or else some very 


low advance speed (see Reference 3). In both events one would tend 
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| the maximum possible thrust is obtained. This would lead to pitch 


(| _to seléct the largest screws with a reasonable pitch ratio so that 


ratios near 0.5 if compatible with other performance conditions. 
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1V. Cavitation. 

In order to establish in which range the thrust predictions for 
Troost propellers can be realized in practice the occurrence of cavi- 
tation was checked early in this study. 

One cavitation check was based on a curve directly appticable to 
Troost propellers, Figure 1] of this report, from Reference 11. On 
this basis, the required blade area ratio for cavitation free opera- 
tion at 120 RPM and zero speed of advance was computed and plotted 
against thrust in Figure 12. By comparing this diagram with the 
curves of thrust. versus. SHP in Figures 7 through 10, it can be concluded 
that practically all propellers of types B3.50 and B4.55 are subject 
to cavitation. It takes about 65% to 70% blade area ratio to render, 
at least at lower SHP, the larger screws free of cavitation. 

Since the Wageningen series propellers are not particularly suited 
for heavy load conditions, and have not been developed for bollard 
operation either, a check under the previous assumptions is conser- 
vative and does not reflect the potential improvements by special 
propeller designs. 

To illustrate the scope of possible gains Burrill's cavitation 
line for heavily loaded propellers has been used for a second check, 
Figures 11 and 13. While the B3.50 and B4.44 propellers still appear 
to be insufficient the higher area ratio propellers show considerable 
improvement and promise satisfactory operation up to 20,000 SHP 
(B3.65) and 22,000 SHP (B4.70) per screw at diameters around 23! 
(Figures 7 through 10). 
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¥. comparison of Bollard Thrust Ahead for Yarious Arrangments. 


* The ahead bollard thrust is compared for three different arrange- 
mencs: Twin propeller (power and area sp’:+ 1:1), triple (1:1:1), 
and triple \1:2:1). The maximum feasible diameters for all arrange- _ 
ments were given in Table 2. [t was attempted to make comparisons 
for all of the listed diameters, and also for diameters which were 
15% and 30% less than maximum. But in numerous cases, mainly with 
smaller diameters, no acceptable pitch ratios were reached at the 
specified bollard RPM. 

Three comparisons were made: 
Comparison A: 

Highest obtainable bollard thrust ahead without cavitation 
for each arrangement regardiess of how much SHP is absorbed. 

The SHP will therefore differ for the design alternatives. This~ 
comparison demonstrates the bollard thrust potential. The 
Burrill cavitation line is used for this purpose. The evalua- 
tions are limited to B3.65 and B4.70 propellers because the lower 
blade area ratios are subject to cavitation. Only the largest 
screws in each configuration are considered since they set the 
limits. | 

Comparison B: 

Bollard thrust ahead versus SHP for ali arrangements regard- 
less of cavitation. Parameters in this comparison were: Pro- 
peller type (B3.50; B3.65; B4.55; B4.70), ship size, and diareter 
as above. This comparison shows the thrust obtained at the ex- 


pense of equal power. 
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Comparison C: 
Highest obtainable bollard thrust ahead at the limiting 


SHP where the most cavitation-prone arrangements start cavitating. 

This comparison is limited to blade area ratios of B3.65 and 

B4.70. The results were obtained by means of Tables 16 and 17 

firaing the highest SHP for which all arrangements do not 

calitate, using the Burrill cavitation limit. 

The comparisons were performed for both levels of diameter re- 
Striction, i.e., for the sets of "average" and "limit" diameters 
defined in Table 2. 

The results of comparison A are given in Tables 16 and 17 and 
Figures 14 through 17. The differences among the various arrangements 
are small. The trend favors higher disk areas. It is thus advan- 
tageous for "average" diameter 1:2:1 splits, while most of the twin- 
screw cases are best at "limit'' diameters except in Case 11! where 
I:1:1 is frequently superior. 

No conciustons should be drawn from the fact that the four- 
bladed propeller is slightly better than the three-bladed one. This 
is more likely a coincidental property of the two Troost series. 
Similarly minor deviations in series peculiarities would also explain 
some seemingly unsystematic trends in the results. 

For comparison B the results are presented in Tables 18 through 
41, and Figures 14 through 41. The evaluation covers only those 
parameter variations with pitch ratios between 0.5 and 1.4. a 

The three systems are confirmed to be almost equivalent. At 


greater blade ratios, and in particular for the greatest design 
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area, Case 111, the 1:2:1 split is only slightly superior to the 


1:3:1 split. 

These gains, wherever they exist, remain hardly noticable at 
the limit of cavitation, comparison C; this case is indicated by the 
arrows in Figures 19 through 41. 

The cases of highest total system SHP that can be ab: >rbed wi th- 
out cavitation are summarized in Table 42. It is mostly that the 
I:1:1 split cavitates first. 

The data of Table 42 can be used for first orientation as to the 
highest SHP that can be reached for each ship size. it can be expected 
ir’ general, that the power of the 1:1 and 1:2:1 splitting ratio de- 


signs can be incre:ased a few percent. 


’ i - Vi. The Astern Thrust of Troost Propellers at Zero Speed of Advance. 


Seemed 


It is a well known fact that a conventional propeller is less 


effective in generating thrust from a given power input when rotating 
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i 
| in the astern direction. Most normal profiles used in propeller de- 
i sign are asymmetrical with respect to nose and tail which results in 
| a less favorable lift versus angle of attack characteristic when the 

A inflow is from the tail end direction. 

q The magnitude of this influence can be judged by Figure 27, 

BL Reference 4, page 36, where the ratio of thrust coefficient C; over 
i torque coefficient Cg is plotted against the camber ratio at 0.7 rad- 

ius for ahead and astern operation. Figure 42 of this report shows 
i an average curve derived from the above diagram and used in this work.. 
: The camber ratio-of the Troost propeller series was determined 

l , in Table 43 using data from References 6, 10 and 11. 

| i The operating conditions are compared assuming the same power 
‘ acai 

| input ahead and astern. It is further assumed for simplification that 
fr: pee 
| i he f iva Mare equal. In this case, 
| fT T ASTERN 

tb 2.42),2 CTASTERN 
| 4 TASTERN = oo a 
i f AHEAD —AHEAD _ TAHEAD 
| is Po? d?.n? 


mi 
eo ae 
} Where: n = rps 
bots Po = nose-tail-pitch, ft. 
& 
c d = propeller diameter, rt. 


Sie & 


The quantities involved in the last expression can be read of 
directly from Figure 42. The results are given in Table 43. The 
astern bollard thrust of the Wageningen sroneliers under considera- 
tion can be expected to be about 80% of the ahead thrust. 

The astern thrusts are plotted against SHP in Figures 43 through — , 
46. The picture of the relative merits of the systems is of course 
the same as for the ahead condition, as illustrated by Tables 44 


through 55, and Figures 47 through 58. 
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Vil. The-Ahead and Astern Bollard Thrust of a Compromise Screw. 


In the operation of icebreakers the maneuver of backing out of © 
and down from the ice does sometimes require more thrust than that 
of moving up since no accumulated momentum is there to assist. 

In view of this, the Coast Guard contract calls for an evalu- 
ation of special propeller designs to operate in the astern direction. 


As pointed out in previous section the inferiority of the back- 


ing performance is caused by foil asymmetry. If one wanted to carry 
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the improvement of astern performance to the extreme it would be 
‘obviously possible to mount the screws in the opposite sense, with 


the foil suction sides (backs) away from the ship, and the pressure 
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sides (faces) towards the ship. Although this procedure is not — 
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i a , 
ee ee ee re! 


seriously suggested here, it shows to what extent the backing thrust 


Ceeeied 


can be improved and at what expense in forward thrust. The magnitude 


ys 


of the potential improvements can be estimated by reading the figures 


and tables previously given for ahead and astern thrust in the re- 
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| it verse sense. 
‘03 However, the actual aim is an improvement in astern performance ; 
if ‘ 


without overdue sacrifices in forward thrust, i.e. a compromise de- 
fe * 
J sign. 
There are mainly two possibilities of directing a design towards 

it more balance between ahead and astern performance: 
A. Reduction of profile camber throughout the blade using 
; angle of attack for lift generation instead. 

B. Selection of nearly syrvetrical foils with respect to 


the .5 chord-length point (nose half = tail half). This implies 
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symmetrical thickness distributions as well as symmetrical mean 

lines, such as the C-series mean lines developed by DTMB. 

Reducing the camber does produce a better balance of forward and 
astern thrust, decreasing the length of the lines in the Cy/Cq - 
chart, f:gure 27 of Reference 4. For a camberless screw ahead and 
astern thrust would be identical. 


There are, however, many practical drawbacks. When the lift is 
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advantageous with pronounced peaks at whatever the front edge is in 
each sense of rotation. If the pressures on the suction side have 

to be kept safely above the cavitation level more foil length becomes 
necessary than with the uniform pressure patterns of cambered foils. 


Besides, flow separation becomes a more serious problem. This causes 
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, | 

| produced soleiy by angle of attack the pressure distribution is dis- 

| 
| 
| inferior propeller performance at conditions not too far away from 
| 
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the design point. 
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Reduction of camber as a design measure should thus be kept 


within moderate limits. 


Esxooud 


if perfectly symmetrical foils would be selected the ahead and 


A 


astern bollard thrust would become equal. This measure would turn 
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the characteristic curves in Figure 27, Reference 4 into a horizontal 


Peed 


position. It may also cause a decliine of thrust per SHP for the fol- 
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lowing reason, In order to avoid excessive pressure loading of the 
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foils at both ends instead of just at the trailing edge, longer foils 


must be used if the peak pressures are limited by cavitation. This 
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brer ened 


means greater frictional losses and lower thrust. 
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This disadvantage can usually be kept well within acceptable 


limits. The symmetrical foil or nearly symmetrical foil can therefore 
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be recommended if improved backing thrust per SHP is desired. The : 

i consequence of at least some deterioration of forward thrust is in a 
1" common to all methods of improving astern operation. q 
u in order to estimate how much thrust can be expected from a 4 
compromise propeller, for witch TASTERN = T AHEAD? one can read the a 

mean value between ahead and astern operation from Figure 42: : 

( CT/¢q = 6.19, \ 
fi so that the following ratio is found: : 
1 Teo ROMISE (CT/cg) CPMPR. 6.19 ' 
AHEAD T/cg) AHEAD “(CT7CQ) AHEAD : 

é 


Propeller 


joan 
Pea 


f (CT/¢q) AHEAD 6.71 @ 
' een Ten |i [95 | 
'y 
u The table shows that in the average one would obtain about 90% of 4 
if the tnrust otherwise reached in the ahead condition. ; 
: With the above ratios, compromise propeller thrusts of indi- 4 
"| vidual screws, Figures 59 through 62, and systems, Tables 5f through 


67 and Figures 63 through 74, are given in the appendices. The sys- 
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It is not implied by the selection of the example that a fully 


| ~ balanced ahead-astern behavior has to be the aim. Since forward 
: motion is the predominant mode of operation of the ship it seems one 
i should rather not go too far in sacrificing ahead performance. : 
| uf The backing ability is also dependent on the propeller arrange- 
ment because of the resistence due to the propeller race. This : 
18 - 
| 


suggests gentle lines in front of the propellers and a sufficient 
axial clearance. The race should not hit the hul! too frontally 
when backing. Similarly, the appendages should be designed for low 


resistance in the reversed flow direction. 
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Viil. ub Si ef luence. 


The hub diameter ratios of Troost propellers are 0.18 for the 


Cmorsd 


=} 


B3 series and 0.167 for the 64 series. icebreaker hubs are larger 
for strength reasons and in particular when detachable blades are 


used. The Influence of hub size shall be investigated comparatively 


feed ed 


for solid propellers of 0.21, and detachable blade screws of 0.32 
‘ hub-diameter ratio.’ 
1t should be mentioned that an equation to account for large 


hubs was given by Milano, Reference 3: 


Erle Reed 


‘Large hub = Ki Troost, 


where K, = 0.97 for solid screws (xp, = 0.21...0.22), 
K, = 0.86 for detachable blades (xp, = 0.32...0.35). 


See 


it is felt that these corrections are excessive. The factors K, are 
derived from a DTMB report by Shultz, Reference 5, in which the de- 
crease of the idea! thrust loading coefficient Cr. with increasing 


hub diameter ratio x, was discussed. Milano adopted these reductions 


rea Ee fo 


directly and seems to have overlooked that the absorption of input 


power (CP; ) decreases, too. If the power input is raised to the 


Besced 


previous level (by increasing the pitch or the RPM) a subsiantial 


| vena; 


part of the thrust loss is recovered. It should be kept in mind, 


though, that the large hub propeller needs longer, less efficient 
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profiles to avert cavitation. 
A different approach was used in an attempt tc estimate the 


inevitable thrust losses for large hubs. The propeller efficiency 
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is determined at a smali advance number J<<1, A, 0 ,» and it is 
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assumed that the efficiency loss percentage caused by the difference 
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in hub size equals the thrust loss percentage at zero advance speed, 

the power input (SHP) being the same. The propeller efficiency 

can be represented as product of ideal efficiency up (ideal fluid, 

momentum theory) and blade efficiency ¢ (losses in real fluid). 
Yor MF 

The change in expanded blade area ratio, i.e. in thrust generating 


area, is for large hubs according to Reference 6, page 125: 


Oar 


1.1*(xp-0.18) for Troost B3 series, 


Aa = 1.1 (x —0.167) for Troost B4 series. 


In our analysis, 


%, = 0.21 for solid propeller 


X, = 0.32 for detachaple blide propeller 


The area losses Bag/ag are thus: 


Solid Detachable 
B3 0.033 0.154 


B& 0.047 0.167 


It must be supposed that about the same blade area ratio is required 
to keep the large hub propeller free of cavitation. The area lost 
at the hub must be replaced at other radii. The foils must be len- 
gthened by about the same percentage. The ideal thrust loading coe- 


ffictent is defined as below and increases with hub size: 
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‘where € = mean drag-lift ratio 


V, = advance speed, VA< ls 


A; = hydrodynamic advance number, 
V, } 
(= —~ «cl 
trnD i ) 


hence: ! 
tr ZEXL | 
tt follows that CG; is proportional to the factor: 


2. \ 
(1 ~ X%, teeost / z 
(1 ~ Xn seca ie) 
Incidentally, the same correction would hold with close approximation 


for the power loading coefficient Cp. which is also proportional to 
(Da? ). Both are thus raised by the factor: 
Solid Detachable 
B3 1.02 1.17 
B4 1.05 1.20 


From this the following changes ini can be estimated from the Kramer 
chart at Ay tO, 


Solid Detachable 
B3 0.998 0.98 
B4 0.995 0.98 


This demonstrates that under the assumption of equal power input the 
ideal efficiency of large hub propellers is only little smaller than 
that of regular hub size screws. 

There is however 2 secondary effect upon blade efficiency caused 


by lengthening the foils. For the increase in mean lift-drag ratio € 
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corresponding to this influence it can be estimated from foil data 


that € must be multiplied by: 


Solid Detachad!e 
B3 1 1.1 


B4 1 : 1.1 


The blade efficiency § would be reduced according to Figure 75 by the 


factor; 
Solid Detachable 
B3 ] 0.98 
B4 1 0.98 


The rounded total reduction in propeller efficiency is given by the 
following factors: 


oe 


Solid Detachable 


B3 0.995 0.96 
Bh 0.995 0.96 


The thrust losses of a redesigned large hub screw at zero advance 
speed are of the same order. Milano's thrust loss »%ercentages are 
much higher because they were based on evereatitet er et losses while 


the change of blade efficiency was ignored. 
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1X. Propulsive Efficiency at Speed Gc: Advance of One Knot. 


The propulsive efficiency is defined as: Mp Te ed a 


% = open water efficiency 


My = hull efficiency 
We * relative rotative efficiency 


The open water efficiency was read from the charts, Tables 5 and 64, 


and similar ones for other propellers. The readings were taken for 
J = Va/n ‘0 with Vy = 1 knot and n= 120 RPM = bollard RPM. The 
change of yn when Va is increased to | knot is negligible as shown in 
the sample caiculation, Tables 68 through 70. The sample illustrates 
further details of the procedure, too. The relative rotative effi- 
ciency is set to unity throughout. 

For the hull efficiency of a-multiple screw system the following 


expression is derived: 


where: R = resistance 
Vg = ship speed 
Va = propeller advance speed 


w = wake fraction 
t = thrust deduction fraction 


The last step assumes that power split and thrust split are about 
equal. {in the actual calculations the area splitting ratio has been 
substituted here. 

At an advance speed of | knot the following data were estimated 


from similar cases, Reference 7: 


“Twin Screw: 


| wt, iff a | 

| Triple Screw: 

es Center screw: w = 0.04, t = 0.03 

| Outer screws: w=t 

7 The sample, Table 70, shows that the hull efficiency is unity for 
i| all practical purposes. 


The propulsive efficiency equals the open water efficiency at 
this low speed therefore. 


The results are shown in Tables 71 and 72 and Figures 76 through 


Coe 


87. [It comes as no surprise that the differences between the systems 


Coond 


are small. They conform with the bollard thrust trends as could be 


expected with that little speed difference. 
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%. Propulsive Efficiency at Speed of Avance of 18 Knots. 


The icebreaker designs are ass:.ned to operate at 18 knots free 
running speed. The evaluation cr their propulsive efficiency is 
similar to the procedures of the previous section with one main ex- 
ception; in the low spee.« case the circumstances of ice operation 
determine the SHP wh’ ch could vary in wide limits, whereas the SHP, 
free running, is « single value depending on the resistance of the 
design, i.e. ics EHP, and its propulsive efficiency, both unknown. 

The Ev can only be estimated from series data at this stage. 
Series 40 (C method), and Taylor's standard series both fail to give 
accr.ptable results because the icebreakers differ strongly from the 
series hull shapes, and their form parameters are not covered sat- 
isfactorily by the series. 

An attempt to use Ayre's method of EHP estimation, sample pre-- 
sented in Table 73 based on Reference 10, yields © sults which are 
also not consistent in themselves with respect to ship size, but 
are at least in the right range im comparison with similar ships. 
About 10,000 EHP seem to be needed to go 18 knots. Since all ob- 
tainable estimates were not fully satisfactory it was decided to 
cover a range of SHP so that the curves can be used more snecific- 
ally as soon as more reliable EHP data are available. 

The SHP range was chosen wide enough to include powers higher 
than those expected as necessary for 18 knots in order to keep the 
data app: icable for higher service speeds if such should he selected 
later. The following power range wes covered: 


Ship size Case |: 6,000 to 30,000 SHP 
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Ship size Case II: 9,000 to 39,000 SHP 

Ship size Case III: 6,000 to 36,000 SHP 
The comparisons were conducted for the systems pitched for the best 
bollard thrust because it is common and recommendable practice to 
design icebreaker propulsion systems for very low or zero design 
speed. The pitch ratios and propeller diameters chosen for bollard: 
operation and used in the following are summarized in Tables 74 and 
75. 

The possibility of cavitation was ignored in selecting the 
best bollard thrust systems as well as in finding the propulsive 
efficiencies. This was done on the assumption that while the Wagen- 
ingen series propellers might cavitate in some states the redesigned 
special icebreaker screws could be kept free of cavitation through 
most of the investigated SHP range. However, the findings for SHP 
in the upper domain should be interpreted cautiously. 

The relative rotative rotative efficiency was again assumed to 
be unity although this neglects the slight advantages that triple 
screw systems should have over twin systems at this speed. 

The hull efficiency of the center screw is expected to be more 
favorable than that of the outer screws of triple or twin systems 
because of the beneficial influence of the boundary layer energy 
recovered from the wake by the center screw. This results in a wake 
fraction exceeding the thrust deduction fraction, thus U2! The 
following data, Table 74, were adopted as estimates for w and t 
after analyzing some similar designs and available equations. It was 
felt that these data were typical enough for the purpose of prelim- 


inary design comparisons. A thrust deduction fraction of only 0.15 
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may sound optimistic even though w is estimated sevatively low, too, 
but in our opinion this low level of t, which results in ty * 1.13, 
can be reached by successful stern designs. 

Although the center screw alone reaches substantia! gains in. 
a lot of this is averaged out in triple-screw systems. The results 
are i ee 1.03 for the 1:1:1 power split, and a 1.046 for the 
1:2:1 split. for derivation see Tables 78 and 79, 

The number of revolutions at which the propellers absorb the 
SHP must be determined by a trial and error procedure outlined in 
the sample in Tables 76 through 79. 

The evaluations were performed for Troost B3.65 and B4.70 pro- 
pellers; it could be shown by a few checks that the conclusions 
would be the same for the lower aspect ratios. 

The results are presented in Tables 80 through 82, and Figures 
88 through 92. The tendencies differ appreciably in comparison with 
the bollard condition. in all investigated cases, predominantly so 
in the lower SHP range of each ship size, the power split 1:1:1 is 
best, 1:2:1 second best and |:1 weakest. 

The differences in propulsive performance at 18 knots stem from 
the fact that the pitch ratios were selected for the bollard condi- 
tion and are not optimal when free running. The twin system and 
the 1.2:1 split are associated with lower pitch ratios than the 1:1:] 
system, and their pitch is less than optimal at 18 knots. The losses 
in this free running condition under partial load greatly exceed 
the gains in hull efficiency experienced by the triple systems. 


These losses can be reduced somewhat by proper designing: 
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A. One can try to work with profiles that perform better 

at negative angles of incidence as associated with the 

"“underpitch" at 18 knots. 

B. if a little bollard thrust is sacrificed more pitch 

can be permitted. This measure can also be termed: De- 

signing for higher speeds somewhere between tollard and 

free running condition. 

it should be noted that the desired free running number of rev- 

elutions N= 150 RPM could not be maintained exactly since the de- 
sign pari meters were fixed by other assumptions, but it is well with- 


in the range of variation covered here. 
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Xl. Steering and Maneuvering. 

Twin-screw icebreaker designs generally have some difficulties 
to provide sufficient maneuverability, in particular at lower speeds, 
because the centerplane rudder, usually instailed, is operating out- 
side of the propeller races except perhaps for the gieatest rudder 
angles. 

In a triple-screw design with the rudder arranged behind the 
center-screw the propeller-induced inflow into the rudder supports 
the rudder action beneficially. 

The magnitude of this effect was studied by comparing the rud- 
der normal forces per unit area for a twin-screw design to those 
for the triple-screw version. {It was assumed in this context that 
the twin propeller races do not hit the rudder whereas in the triple- 
screw design the rudder is fully immersed in the center-screw race. 
In most practical cases the situation is a little less extreme so 
that the twin system would look somewhat more favorable than in 
this investigation. 

The ratio of the rudder forces as defined above is derived 
in tables 83 through 85. As a result the triple-screw rudder force 
per unit area exceeds that of the twin-screw case by a factor of 
| + Cy, where Cy = thrust loading coefficient. This answer is in- 
dependent of the rudder angle while the advance speed is of influ- 
ence as it is contained in Cry. | 

The procedure of determining the function (] + CT) when SHP, 
diameter, and propeller advance speee are given is also outlined in 


tables 83 through 85. For an analogous sample see also table 76. 
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The rudder force comparison was ‘carried out for the three 
ship size cases, propellers of type B3.65 and B&.70, and for both 
triple-screw versions (1:1:1 and 1:2:1) relative tc the twin-screw 
case. Only two ship speeds: 1 knot and 18 knots, could be considered, 


rather than the speeds of 2, 10, and 18 knots called for in the con- 


ic 


tract, because of time and budget limitations. The speed of ten 
knots can, however, be judged by comparison with the two extremes. 
The equilibrium RPM at 1 and 18 knots were already at hand fron 


previous caiculations in sections IX. and X. so that it became pre- 
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ferable to disregard the low speed of 2 knots. 
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Diameter and pitch of each version were again selected as opti- % 


Sy . ce 


mal with respect to bollard thrust, "limit" diameter condition. They 
are summarized in table 75. 
The results are displayed in tables 86 through 97 and figures 


93 through 101. It is obvious that major gains are obtained: 


About 50 to 100% more normal force at the free running condition, the t 
more the higher the abscissa value of "free-running SHP", and up 2 
to a factor of /50in the "full power''-"low speed" operation at | knot. ‘ 
At this speed, however, the twin-screw rudder normal force is only , 
small so that the absolute value of the triple-screw rudder forces ; 
might still be unsatisfactory. : 

If absolute rudder normal forces would have to be estimated one : 
would first find the twin-screw force: N= Cc, - gv" A 
and multiply by (1 + Cy) from the graphs for the triple-screw answer. ' 
For notation see table 43. : 
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Xl. Strength. 


The subject of propeller strength is an essential one in ice- 


prince 
| 


breaker design; the operational reliability of the ship depends on 


ea 


the ability of the blades to withstand not only the loads due to the 


cad 


propulsion forces, but also those caused by ice impact which may be 


ee 
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a multiple of the former. 
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In order to evaluate the strength characteristics of the design 
alternatives a comparison between triple-screw systems (1:1:1, and 
1:2:1) and twin-screw systems (1:1) was performed. The propuisive 
stresses were determined for the bollard condition, n = 120 RPM, as 

_@ function of SHP. The maximum feasible diameters were chosen in 

~ accordance with table 2, "limit" conditions. The bollard thrust of 

‘each screw could be obtained from ealicr results, tables 5 through 
15, or figures 7 through 10, ignoring cavitation. Actually, in 
evaluating the stresses by computer the bollard thrust.was recone 


puted by an equivalent subroutine. The computations are limited 
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to the Troost series B3.65, and 84.70 propellers; the smaller blade 


area ratios are more subject to cavitation so that the comparison 


es 


would be less reliable. 


The propulsive stress equations for Troost propellers are de- 
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rived in tables 98 through 100. The critical stress occurs usually 


at the trailing edge so~fhat the comparisons are made for this point. 
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The results for thrust, torque, and stress are summarized in 


T eneeeen | 
« 


- tables 10] through 103 for the three ship sizes. Figures102 through 
i 104 also show the stress ratios, trip'’e-screw to twin-screw arrange- 


ments, plotted versus SHP. 
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For the design alternatives under comparison there are generally 
some disadvantages of the triple-screw systems although they are small 
and of no practical significance. 

The reason for the equivalence in stresses appears to be that 
the total disk areas of the systems are nearly the same so that the 
loads per blade are smaller with the triple-screw systems, but the 
blade dimensions are also smaller. 

It was stated in the proposal that the triple-screw systems would 
have the lower prorulsive stresses if the dimensions of each screw were 
the same as in the twin-screw case. This conclusion seers to be 
confirmed indirectly by the results, but it must be added: Stress 
reductions with greater number of propellers should only be expected if 
the total disk area with 3 screws somewhat exceeds that of the twin- 
screw version. 

It should be noted at last that the absolute stress level is 
extrerely low in all cases. The great blade area ratios necessitated 
by cavitation requirements, when using Troost propellers, results in 
root profiles that are .verdimensioned from the strength viewpoint. 

It is believed, however, that the changes in propeller shape when 
designing for a higher admissable propulsive stress would affect twin- 
and triple-screw systems in about the same manner so that the overal] 


conclusions would remain the same. 
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Xill. Vibrations. 

It is always an important design goal to keep hull and shaft 
vibrations within acceptable limits. This can be accomplished by 
avoiding resonant conditions, and besides by minimizing the periodic 
excitation forces acting upon propeller and hull. 

The elastic properties and natural frequencies of hull and 
shafting are not yet known in the early stages of a design so that 
the determination of resonances and critical propeller speeds must 
be postponed until the design has been worked out in sufficient 
detail. 

But it is possible to direct the preliminary design work towards 
a low level of excitation forces by seeking favorable propeller 
arrangements. 

Although direct measurements in model tests would certainly 
give the most reliable predictions the attempt can be made to judge 
different configurations on a theoretical basis. The theory, in 
its range of validity, has the advantage of showing more clearly 
the influence of the important parameters. 

In the context of propeller-excited hul! and shaft vibrations 
the clearances between propeller and hull, axially and radially, 
are known to be the most significant factors among those that the 
designer can control. 

It was therefore undertaken to compare the various icebreaker 
propeller arrangements from the viewpoint of the propel ler-induced 
vibratory excitation forces acting on the hull. These were deter- 
mined using a theory and results by Breslin as outlined in references 


14 and 15. The theory assumes uniform inflow into the propeller 
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disk and finds the pressure fluctuations at given distances from- 
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the propeller caused by the rotation of the blades. The pressure 


is split up into components due to thrust loading (thin foil) and 


fo 


to finite foil thickness effects. 


The influence of the presence of the hull plates upon the 


aaa 


pressure field are neglected, and must be corrected for later by 
a so-calied intensification factor. “This factor, a "wall effect" 
correction, is not well known; it should depend on the clearance 
because the flow pattern should be changed more drastically by the 
wall when the gap is small. Reference 14 recommends a factor of 2, 


but this can only hold for some average clearances. — 


foams 


With these and all other limitations of the theory in mind, 


what is the use of its resuits? It can be assumed that the results 


Ca 


can serve for orientation as to the relative merits of different 


era 


arrangements although the absolute force predictions are not correct. 


The results should also be indicative of what gains may be expected 
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when varying the clearance. The study was conducted with respect 


to the forces exerted by th: propeller flow upon a flat plate 
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abreast the screw (see sketch) which simulates the outer screw 


situation, and also for a propeller 
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operating under two intersecting flat 
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. rere plates of 10° rise angle each, which 
i [ is similar to the center screw 
situation (see sketch). 
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Parameters in tnis study were: 


Ship ‘speed: 0, and 18 knots (Bollard, and free 
running condition). 
Propeller type: 83.65, B4.70. 


SHP, thrust: Variation as for earlier evaluations, 
ignoring cavitation. 

Clearance: Between 0.1 D and 0.6 D. 

Diameter: The "limit" diameters for each ship size. 


The procedure in obtaining the pressures on the hul] and 
subsequently the forces by integration is described in Tables 
104 through 106. The results are given in Tables 107 through 118, 
and figures 105 through 111. 

Tables 107 through 112 and figures 105 through 110 relate 
to the free-running condition. The alternatives that are compared 
here are the same that were selected in an earlier paragraph (X) 
for optimal bollard performance. The tables give the absolute 
vibratory forces, and the ratios force/thrust for various 
clearances. The figures only show the force/thrust rat.o as 
function of thrust. 

This ratio reaches values of up to 20% ‘a some cases of 
small clearance. It is decreasing rapie:y when che clearance is 
increased. When the clearance is ©.3 D or more the ratio does 
not vary much with the thrust any longer. 

The four-bladed prorellers produce noticeably lower levels 
of excitation. 

For a given number of blades, when the clearance is low, 
the 1:2:] center screw causes the greatest vibratory forces, 
fol’swed by the 1:1:1 center screw. The twin cropellers are 
a little lower than this, but higher than the outer screws of 


the other alternatives. 
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At higher clearances the tendencies are partly reversed, 
and the twi:: screw alternative becomes least favorable. 

Ir. che bollard condition, figure i111, and Tables 113 through 
118 the force ratio is practically independent of the thrust, 
gud of the propeller arrangement and ship size, so that the re- 
sults can be plotted against clearance in a single diagram con- 
veniently. The force ratio is smaller tian in the free-running 
condition, i.e., less than 4 percent in al] cases. The bollard 
thrust is much greater, however, so that the absolute excitation 
forces are about of the same magnitude in both cases. 

The tendencies with respect to clearance, and number of 
blades are also in close agreement in the two conditions. It 
should be noted that the low force ratios of less than one per- 
cent which are obtained in some cases are less trustworthy than 
the others because the integration scheme has only poor resolution 
when dealing with small pressures. 

Despite the limitations in the theory applied here and 
some shortcomings in the evaluation procedure it is believed 
that valid recommendations can be given to the designer in the 
following respects: 

a) The four-bladed propeller is superior to the three- 
bladed screw in view of its lower hull vibration 
excitation. 

b) Great returns for an increase in clearance are 
obtained up to 0.2 D0. From there on, every 
clearance increase of 0.1 D reduces the force 
amplitudes by only abcut 25 percent or less. 

It is therefore recommended to limit the clearance to about 

0.2 D because otherwise the sacrifices of propulsive performance 


and bollard thrust are becoming unduly great. If with these 
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clearances vibration problems should still be of any concern 
the cure should be sought in properly avoiding resonant conditions 
rather than further reducing excitation. 

A last comment as to shafting vibrations which have not been 
considered in the foregoing. These vibrations which are caused 
by non-uniform inflow into the propeller cannot be analyzed 
without some experimental data about the flow. !t can be 


inferred, however, that the recommended radial clearance of 0.2 D 


is sufficient from this point of view, too. This statement is 


based on the systematic comparisons of wake harmonics for various 
stern configurations in reference 7, which show only little effect 
on the velocity amplitudes of each harmonic by variation of the 
radial coordinate. This makes it unlikely that in the case of 
shaft vibrations any major gains can be obtained by clearance 


variations if the clearance is of the order of 0.2 D or greater. 
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co XIV. Propeller Arrangement _and Stern Shape. 
The most favorable propeller arrangement from the viewpoints 


of hydrodynamic performance, cavitation and vibrations is one 


i where the inflow into the propeller disk is uniform except that 
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i \ finds a great area of attack so that the useful thrust is reduced. 
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in the same time one wants to recapture as much of the energy 
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concentrated in the viscous wake as possible. These considerations 
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would call for ample axial propeller clearances, in particular 


for the outer screws which cannot serve for wake energy recovery 
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anyhow. 
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It must be realized on the other hand that whatever improves 
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the uniformity of inflow into the propeller is in the same time 
instrumental in making the propeller more accessible to ice inflow. 
Conversely, any protective shape that keeps the ice away from the 
i screw would also tend to deteriorate the hydrodynamic and vibra- 
tory performance. . 

it Specifically, in comparing the present U.S. Coast Guard line 
2 designs M4 and M5, the conclusion would be that the former gives 
the outer propellers better inflow, but less ice protection. The 
MS design has the outer screws operating closely behind a flat 
shoulder in the stern waterlines. This will probably result in 
i, separation and high EHP in the free-running condition. The 

7 performance loss in the bollard condition may be even more 


severe since the propeller suction field in the ahead operation 


Similarly, in backing at low speed the thrust deduction force 


caused by the shipstream pressures upon the hull should be notice- 
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| ‘. The advantages of the MS lines must be sought in the reduced 

(| vu'nerability of the outer screws in ice; this is an essential 
; feature, and it appears justified therefore to examine the prop- 
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ii erties of this design more closely in mode} tests. 


The authors would recommend a compromise form with more 
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moderate shoulders and a slightly greater axial propeller clearance 


for the outer screws. The radiai clearances should be selected 
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as small as compatible with vibrational standards. The study 
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in section Xtll.seems to indicate that nothing substantial can 


be gained by increasing the radial clearance above C.2 D. This 


| 
. at Be Su Lerten S92 ity dodo ate oh AP Lt 6 Micah thers cot a aca eM ENS 
eet Ga a Se ee ae 
i abet Oe BES : 


s 


ee 


Fetlos tore WSR ATER RS 


fF is in agreement with common design practice. 
The propeller tip submergence is generally selected so as 
to avoid air suction and/or excessive propel ler-induced vibratory 
i forces on the stern. For an icebreaker it is the more stringent 
: design aim usually to assure that the average size ice block 
[ when floating on the water surface be not sucked into the disk. 
a The actual submergence should therefore be related to the thickness 


of the ice to be broken. 
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XV. General Conciusions. 

None of the systems show major advantages in the bollard 
condition. The tendencies go with the available disk area. This 
makes the 1:2:1 system slightly superior at "average" diameters 
whereas the twin system is best when "limit" diameters are 
assumed. The 1I:1:1 system follows up closely on second place 
in almost every case. te 

_ The astern and compromise design performance at zero advance 
speed, and the cfficiency at one knot are in line with the above 
tendencies. 

. The 1:1:1 split performs best in the free-running condition 


while the other two are underpitched for free running under 


partial load. 


Both triple-screw systems show great gains in maneuverability — 


relative to the twin system. 

Atl versions are practically equivalent from the strength 
aspect. 

The vibratory forces acting on the hull are markedly smaller 
for four-bladed propellers than for three-bladed ones. Otherwise, 
in particular if the recommended radial clearance of 0.2 D is 
selected, the differences among all systems under comparison are 
insignificant. 

The performance gains by triple-screw systems are thus only 
marginal; but these systems have important secondary advantages 
with respect to steering, and reliability. Since the availability 
of the ship and therefore the effectiveness of the whofe invest- 
ment depend on the reliability of the propulsion system the 


triple-screw systems deserve preference. 
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The question which splitting ratio to chose is less 
significant. We believe that the 1:1:1 split is more recom- 
mendable because it promises a good balance between bollard and 


free-running performance. 
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Verivation of Rudder Force Expressions. 


The rudder normal force N, and its compcene- 


ents lift L, and drag D can be expressed 
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N= Cy 375 v? A, Cy = normal force coefficient, 
L=C, g/, VA, C = lift coefficient, 
D= Cp 9F/, VA A, Cp = drag coefficient, 

where Cy = C; Cosh + Cy sine 
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oe = angle of incidence 
A = rudder area 
The coefficients depend on the rudder shape and on the angle of : 
attack. The magnitude could be estimated by Cy 0.9 both at 
a= 15 deg. and X= 30 deg., but there are major variations in them 
and thus some uncertainty as to the firgures forU= 30 deg. 4 
The inflow velocities into the rudder can be asserted as followed: 
For the twin-screw design with central rudder: 
Ve Vg (I-w) 
Vg = ship velocity 
w = wake fraction, estimated as_0,04 at ship speed 
of | knot, and 0.225 at 18 knots. 
ee 
For the triple-screw design with the same rudder arrangment: 


V= Vg (l-w) + Wa 
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just like for the propeller efficiency in section X. This is done 
by means of propeller charts, such as Figures 5 and 6, estimating 

2 few RPM and solving for the point where the advance number J = 
Va/ W-D corresponds to the one associated with the correct moment 
loading coefficient km = SHP/(2T9D" N°). When the RPM are known 
ky can be read for the same advance number from the pertinent chart. 


This yields the desired quantity: 
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TABLE 98 


Derivation of Fropulsive Stresses for Troost Series Propellers. 


q The critical stresses to be 


analyzed occur in the root pro- 


file assumed at 0.2R, see sketch. 
The influence of centrifugal forces 
is neglected, i.e. the rake is 
assumed to Le zero. The load is 
then consisting of thrust and 


torque. 


The thrust results in axial bending moments at the 
blades: 


Ma = 0.46-R~+T, for 0.2R profile, 


Tt where: 


1 
T, = hs thrust per blade 
R 


propeller radius 
0.46 R = estimated distance from root profile at 0.2R 
to location of thrust resultant on blade, 
estimated as 0.66R. 
The torque produces a circumferential bending moment: 
Mo = d. 2 
where: 
Q/w = torque per balde 
d%0.6 = distance from root profile at 0.2R 
to location of resulting circumfer- 
ential force at about 0.8R, nondi- 


mensionalized by R. 


a 


_ Toenege gnats reel reneged ibid ol td ae at aebethebaadd Sik a toyd SRE eae ae ae BCA vag 4 e 


= 


i ithe greay! 


* 


t 

& 

% 
" 


PS RP REP TED GIR ce s7 on ORE Tbr oF HR coe 


OEE Sree et ott aie « 


ese 


oe aetna Me 


2 ye SLR pein» epee dge 


ate ee Re EE Oe AEN MC 


mE tree Crt © 


° " oasitilia 
” 
MELE RTE RA RII PUES TRI EFRON ER ENTREES AEE A REPL RAO NPC NR ace A Ne aca i «nearer nmmarnninn wimnrenarmacne | 
shnaee mae tte - ” 
. n 


eee retype tt MEI REIL TITRE TD OLS SALE DESL SERIE IER Bee arn eee ne Siocko Ae a Haas ae Byes Pe! os a ee te 


TABLE 99 


The x-y compoenents of these moments are: 


M, = Mg - sin& - Mc - cose 
M, = Ma- cosx +Mc- sin 


y 
where & = pitch angle at 0.2R, given by: 
tanadk = AS . AL 
D o2VT 


The stresses are then at the trailing edge, point I: 


Sy = news Se 
: Sy, SS, 
with , I 
a Ee a ct. By = section modulus 
Cy, Ts, 
1 
= = Ss ect Pe = section modulus 
exo Exo 


Ix. fy = moments of inertia 


Cx, ey, = distance of trailing edge from centroid 
C «= chord length 
t = thickness of foil 


Pte 3 
Ks i eg ew = nondim. foil shape 
= parameter 
ly, eC, = nondim. foil shape 
) i= ea parameter 


According to reference 11, page 94, the following numerical values 


hoid for root profiles of Troost propellers: 


Ex, = 0.464 


im, 


seks panda Bit aw CS ik a i ara how ah oder HEE 


oy ~ . =. “< o ¥. Gaeite SS BER Pee ee AF PR ae 
vee hithon ds TERY 8 Se RUBE sap ir hence idl Sse Rachie QRS a atts ett Maitiat SOBRE OTE NOTRE ESRI EA G9? RPA ESE ES ESE ee 


SNR AGREE IGS NLP EEE TE eT TENET AS EES ON EE SRE IEEE ERIS (EERO EOE eR TEC ae uti he ge he Mg tg yg fn 


rae 


a Fe Stina mengh pepe pcre re a RC ENE REECE AE AP RTO DOO AAAI Kee aa ye ere» sn DIDO T DRIAL NDI ELPA Ai, Sata Re Kae ng 


TABLE 100 
Es, = 0.555 
0, = 0.455 
= 0.039 
¢, 


Chord length c, and foil thickness t must be determined for the 


Sith ca ibe 


various types of Troost propellers. According to reference 11, 


pages 14 through 16, it follows from the geometry of the series 


that: : 
C= Cone = Goze Cose. De £.D 
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TABLE 104 
tas Determination of Propel ler-- induced Vibratory Forces Actinc: on 


nm - Huli_in Way of Propeller. 
3 : 


According to reference 14, the pressures induced by a propeller 
sa blade ir its top position at a field point in its vicinity, which i 
has the axial, radial, and angular coordinates x, ,¥, are given 


by two contributions: 


The pressure due to blade loading: 


P, = x (-% ’ {e . JQ-cos ms + [E.J-Qe)sin md) 


The pressure due to blade thickness: : re 
K Ib : 
P. = pUDNE cos(nis €)-[-[¥Oe)-coomss 6 [E-Fsinnd 


The out-of-phase components of these pressures are omitted tecause 


Ee 4 


aaa 


they are not needed to find the maximum pressure. 


eg 
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aes 


The notation is as fellows: 


? = fluid density 


U == forward velocity 


| hein: 
et 
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Ml 


mean thickness ratio of blade sections 


Go= half the sector angle formed by the projection 
of the blade on the plane of rotation 


Co. 


| 
a € = Tom, CMG) 
: [ M = no. of blades 
Be. _ ON 7 
‘ [ 3 > Sta = advance number 
I b = propeller radius 
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TABLE 105 


T thrust 


prepeller disk area 


Ay 
The functions-%, Q@, 9@) ,D®) are tabulated in reference 14: 
they depend on the distance between field point and propeller blade. 
The pressure equations for zero advance speed (bol lard condition) 


can be simplified: 


ee Gee ae Cos mb 
R= 4 (HE JO ) 
f= ob w= cos(msG +e): % (e De) Simm 
The total pressure is obtained by superposition: 


Pe -\ i, = \y. \@ + pUbN Ss cos(mase){ & Oe) [econ 
a jes Qe) + pUeN S Cos(wGo+€)% e ©] 


= @, Ccosmd +a, sim MI 


The maximum amplitude of this blade-frequency pressure becomes: 


where a,, a, as defined above. 


in the bollard condition the special solution is 


T x |b 
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a, = eb NY. Zcos(mGo+e) Je Qe) 
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TABLE 106 


In integrating the pressures to obtain the forces on the hul} 


the foliowing schemes were used: 
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The pressures were det 2rmined et five points 
in the propeller plane as shown, and also 


in the two planes one radius R before and 


abaft the propelier plane. 
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CENTER SCREW: Each pressure was multiplied by the area of 
the rectangular elements surrounding the 


points, bounded by lines halfway towards 
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the neighboring point. 
CL. eS CLEARANCE 


cit ss Vows Soak 


BAND. Shs Dita Speed Z. 


Pag 
at 


THLS 167 AGLATIVE WORATORY FORGE AT S°EED or 


EE 


% xKwoTs 


t 


\ 


B 3.65 


Ee 


PROPELLER TYPE 
CLBA RANGE / DIA. 


FORCE , 10% les] FokcES THRUST 


CLEARANCE / pin, 


a 


TOTAL SNP 


Ce8SET 


Le yassueia 
any 
Leave aon wusy 


A:G ss MAYBV®S AiAIVBA 


= P) ( 


aides) seria inal tree sel Ph lier Aloe eee 


we" n “yw ~ 


si hry ne ere ee Bd Fat hS oh tou bard ANA Spbhehsfares Mert at wh ok fmt eg A ty, 5 
peeeertn sy q Base ts ESO AS RO EARN as Ot Naa suk aia ais ue Tern ae Bikes Recor taped oo, wea 
ates 


< 


‘ 

sr 
fed 
n 


4 aT * 

3B eal 
ey wat 

4 aage a 
ee RNS 

. eo ( 
SAS cS « 
AC £ 


TAOLB 10% RELATIVE WBERATORY FORCE AT STEED or 


“ 
) 
2 
¥ 
bs 


SRIRAM RATER URGE MARNE, POPE rt agement Ola 


PROPELLER TYPE 


TOTAL SWP 45500 


CDRA TES 


Chee i 


we 

ia . . 

As oa aie) : i mat 
rks + ‘ re a 


nae Selene & na fans 
SEW NE OR URE Pat N EEE RES Bey Sasa ANON 
yg PR PEN ES OUR ASR AG oY Rng Sees en ag 
vs PR IPEIC ALR ONT ENTREE SET MPR li Oe aKa RT| oR ee 
if os oe onal 


BAGS 


2 8 ope: bt: Pages 
Lepper teat 


oo of of & Laas “nh 

— =f o6o~! «8 — — 

2 S| S| 2 9 0 

rw) a Nn} Sl wh [Ts 

4] | a! 8] Sl 4] Hoel Bl sls 

Fe) of Of oF FT Sf Cf OF ST 4 

3 ®t se | ®@ ee}; =6©6OCY) 6 6OGF lle 
~N 
N 
XR 
2 
S 
KB 
bs} 
c 
vy 
.) 


¢ 


S 
. 
Seo 


N 

o) 
i) 

we 
° 
o 


o 
n = c 


a 


CLEA RANCE / DIA, 


Ls | FORCES THRUST] 


10% 


FORCE , 
CLEARANCE /SdIA, 


~a IZIZ=Aa =Q 
MES5S “SQL IMas7>S Bain-srd [M38I2G% GAaino 


1:G ss MAYBPS ATVAIWA 


Za7\-ea 


La‘ ¥aisvela 
MEWS YaliLnaos 


ony 
LWav aonvwy 


Tray MABVIG BVAVL 


Be 


S és 


a = 
aie 


— a a me pe pede | 


Hs. . 
She de. 


reseiies 
y 

Dene ay 
EDN 


é 


a 
5 ga Fal Peele 5 ph alec e PRS EER yn 247 Spee Sioa ®, 5. ae 
EERE SNES SEN ea pee | ME Bate thw ee ana scien gubdadbads ecm 2 


tte 


$93 BSL ATIVE “SIBRATORY FORCE AT STEED OF 


—% xwoTs 


TROLS 


C&S & 


TOTAL SYP Cocoon FROPELLER TVPE 8. 3.65 


Va. re 7 “ ae : ee 
“ n i ry * 


\ 

< \ > 
9° ; Q 8 oO a 
. e * e 
3| 


CLEA RANCE J Dit. 


°§0S| 


mM 
~~ 
” 1 x = A = 
~ i 2 aI e = 2 > 


FORCE , 10* lbs | FoRcES THRUST 


CLEARANCE 7 PIR, 


9.04 
|.06 


~wi =ON 


eoee FQ 9°97 =A 
MASPH “DALOA [Mass Bsainsas [Masse AALNO 


of‘ biea 
MAYA Vainso 


La‘ yaisued 
any 
SNAW AONUVNS 


eotS Ba 


MAYO NIALL 


cB: MAYVPS AVA\BVA 


——, 


ryan MAYS Bravyr 


™“ 


ne ner or Me sick Roce tie eae Sh revere Lae de tee 


a a acl IAT HOLE & 
pS i voy sie 
on 4 a 


ei ® 
0 ball BO) w 
| N ¥ Ole * Fe) oi 
r + a 8 a] 6 
31 7 | =] & 
elo 
bd z 0) et rs ° 
« 
si ¢ 3 3 ns pf A mn 
of oy v Oo! 9 re) 
fay 3 7 : ° © 
w aa} 
HS on we] a & Va 
& 6 par = ¢ ji Ww ne) 
Yi ~ 4 ra olf Oo O 
» S \ : e ry ry . 
‘ P ) ai Min | 
9 f « : > a 5 
) : Wie 
ol | 21s 
6 ry 
 s| [Pls 
vi 
3 = 
0 
- . 2 = 9 
g| pee 
4 6 R a 
if ‘ 
| ad 1B pairs mas 
i] 
v € 
° 
~ 3 
6 te‘ VRLBRMVIC oG 3) =a <a" yl “a IZMBI=A 
4 avy MAYWS Yainano [MAI’I7>S “GAL ImMaws wain-as IMaso>c oot 
? MORaYITS NIM er 


MABWZIS BVaVVL Ba MABZPS AVSAIVA 


4 ne ie 
Pili as : 
o \ oa . ‘_—_ oe ang ; — —_ — _ a. = ee ee | ry fret 


tien de 


| coca s NUR ONDN RS HR NRT Yo OS st GA es 


5 
aut 


_ = a a a a 6 ee Oe oe oe le oC; 


ane ° 


‘S Kwoys 


at SteEeD or 


RELATIVE WBRATORY FORCE 


. Thet_e 1 


PROPELLER TYPE 6 4.70 


TOTAL SHWE 4IS000 


cCrasel 


ES 
ES: 
Bi 
im, 
ty 
x 
i 
et 
: 


©ooTt 
2002 


. ts 
5 z 
BE 3 
° 
ny S 2 Liss ° 
a 
IECEOEEE 
S 
é e - ° 
: 3 5 = 
= po AS 
ad = 5 3 c- a bl a ° 0} My 90 > 
F o| =| * 2 
aa 
pe 


3 = 
\ 
La varaueta 91s 28 o<iea ; rarve=a 
aw MAVIS Yalaan | MAYVIsS Seeiies MS332s BSBSinsd [Masse aes Lao 


LNaw BON YWY MAVOS tithe Gray MAYS Blas. :Gel MABPS BVAIVL 


CLEARANCES DIA. 


mea 


iss | FokcES THRUST] 


Forte 104 
CLEARANCE / dia, 


\ 


watroh A itth raS-autine a ites los btn, Buck, thdhs. 4.0 et taebes Dike AB EW Sieatec : eer . 
Saree Sn lA an J aera SEER. 28 whee ar. ~ fe 


ee ys Tut SaatssXAD'! pp tse? ten Hayat fat ae re 8 BNR ree ce ies ee esanets la 
BARUCH are en eentets ating ahem ONBR oa ; ei 
we 
g 


ca 
. ° 
. ‘ : = 
eae oy fe : of Y ~— 
| ea Ie yi 8) | , 
of © i ow 
loa [2] 
of | NI ¢ 
vi > y "4 
el {sl & 
® per 8 
m) wy &£ Vv OG 
2 
0 3 
o e Sloe 
¥ ¢ 
‘ r S \ 
’ a 0 . 
8 2 AQ 3] 
‘ wi 6O ¢ r) 8 
. y « 
Hl |3 3 
x} ry} 
» vi 
ol 2 
el of 
si © 
@ r 
. > 
7 2 ‘ 
% 2 a 
a 
i o age 
: =_— tj; = A) a 
ev REY Nf al a} CEN cal a | 
eo i : 
oo * aa C\ 
¢ 
Mi 7 ro MAYS Valnas |%a8I7s ‘Gaico [Mazes saunas eee) 
w 2 LOVE BONY MAYS wIML Lua MAYS BIBL oo ae MSAYPS AVAIVAL 
i . } 
a aa _ 


, 


Leatneantlan tactic cad alt celia iene den en lieien enon an 
‘4 eee ee EE a Ta aS sensual Hat tae REP Rossa, 8s ed ie (YON, oR eS: des 


ah 

6 ei ere 
“a 2 
a * e - 2 
4 3 ‘ a7 ° et 
: . AB 
t a, ‘ox ane 
a 3 . ‘ * “ 


TABLE 83 ABLATIVE VIBARTORY FORCE AT SOLLARD Conbivtion 
ORI AE Ia Ree A PAIN ROME PIE AI SBE he OIL IEE EE ETE TT A ONE IIE II EEE “Be PPLE MERTENS DORE tc iF EN OE RAEI RE 


CASE IT PROPHLLER VYPE § -3.65 Ne \2oRPmM 


— , ot 
A ‘ : tora | trcw- Force, totes | (Force /tunves) % : 
4 s : 
5 | 2 SB. : 
$46 | SMP [staneree CLEARANCE / DIA. CLEARANCE / Di 
Z 
ser <u“ 
i 24 


SS ed Ce 

SASS 
rs [aes [ane [arf age oom fe |e] | 
| 4s [sm | 576] 999 | 023] rr | 2-66] 66] os | 
Pe tial att at a ne 
ie es 
= 21.7] -se2 334 | 
ne - 


WAST 


Poy 


CEES SUSE TT PEC re AGA Te RE UN hae OES tas pie A a A wast ‘ 
Rents BON, 3 EASE TANTS ECS See sR? 25%) ¥ Deva Ste hy fe ee ee 
SOR Sede Ct ae whet DERE Waa Deng Sa cea Dae oN RES GELS. te nyo renee 
3 ; 4 ’ SN Heh 
. z as esteem : B . : Desde oh Gales , 
+ - . + . : . . ° xy . % « 
we » * . on Pe 
mene, i 
ay maesias omnes wean ed . 


* 
en 


TRAPLE ScR EW 


ee Peal we e[ of [el oe 
1s rr 
eeririe awe = 
ss ee ee 
| 30 | 276| 19.2] 550] 218] om] 2.66] 65] 58 | 
Meret eiet tote l ate 


vei 


De 1312 


TAVELS ScREw 
FOOT SO, ScRew!] CENTER ScREnl OUTED. Screw 


ap SE RRL: PTE REREAD ~ EE PINE ASIEN TARR SRS ESN I 


» 
+ ry Bea 


nee 
: a i ae ‘asada ghana ” eee 
. x Sic yiaes veteran aaa RO Une as bahia _ . d 
7 #3 ee % xs RAR AUEeGNS Mate Peasy ERT ac he ee fe eT at ae Et 
a AN 5 RETR Ge, 8 SNe atLD ADAG ATR ON SSG abet RRS arte ek oo eo 


rd 


pe Sp gay ope 


sega, aT 


Setg Sak 
> 


“SAP ANUS HEP NES 


a rs 


~~ 


? 


Pec md u eo ee rd 
aD. ie Fe act 
- 
7 


TASLE-W4 agarive WIBRATORN FORCE AT BSOLLARD Condivion 


CASE DT PROPELLER WIPE 8B 3.65 Me \208F™m 1I2ZC RPM 


Zora { TiTcu- 


CLE AQADCE ev Did 


Fie asl as | nel aol one | onl 
as [ot foes Puave) ae] ae eo [ce 
Pete fr fmf ael ef lL se 
8 es ee 
Em ad 
RS Ses Les 
eo TY CH ee 

Cie iw fn ef 
36 [428] 32.5 [vere | 47g] ons [3.94 | 147 | os | 
PREIS 
Fie [ome | ie 
eee 
pe fiicaf as | ca foe 
Foo [ras foes [oot Lar] as [ve oo 


AREAROT MENT 
UD 
PARMET BA , FT 


Wit 


TRIPLE ScR Ew 


@il 


ScQR EW 


TA\ OLE 


Aut ye 
Tvs teres ee 2 smasoattioctan’ 


4 dads oe ahs 
se UHENE Oo cuss’ Mat adel 


TMALS- AgiATiIVE “WSRATORAY FokCE AT SOUARD Cowditi0# 


ERLISTE AED tania. Ra nas aetna EN a ta aaa TR ETL OTE | 


cused PROPELLER TE 83.45 We 12OREM 


Fouce , witss | force /ranwsy) % 


_ iD 
PAAMET MA, Ht 


CLEARANCE / DIA. CLEARANCE / DIA 


Adee Are Mob 4 


[ar [es[ae fas [oo] ec 
oe ae eS ese 
Tas | ome aur] can] el ner] a] ws | oo 
[ie 5 fae fl el el eer a 
Pie |e] te] ne] on|-on [nas}var] | 
rm [so P| 
aE es) te 
Pies onl net] 266 [us | 
, | a eee 

ze 


fect 
HS} sae 
Pe Poof see ae fle 
ics Po < 0S 


K = \Meo SIBLE RERARGEME NY Fs cS WAS Teo 


URN 


A 


a er 4 
Sch Ew 


WeAet 


[es] 


+ 


= 


TRIPLES SCREW 


a) 


a = 
© i) 


s@al 


TEV OLS 


Low e/D RATIO. 


aR 5 


> 
Qe, 


e 
TAOLE 16 RELATIVE VIBRATORY FoRCE AT SCLLARD Cownoition 
a naar 


CxSe xr PROPELLER AYPE B-4,70 We I2QOoORPM 


Tova, | tren- (Force /THRVST),% 
Sup foiAMerne 


CLEARANCE / Dif 
LBs 

for | as] oc | os | os | oe 
5 a es we es 
ps = Pf l al saof 
ot [07 | wail os | oe | 

Ls ow [ ee [ons [ols [re [ oe ao 
Ee ed EO eS Ed ET Ee 
pas [raer | 39] a9] wo wo | 
Em ORECes ese 
acme 08 
cool 0 [taal ed 


ech er 


Force , io 165 


Wirt 


TRIPLE ScR ew 


ve. 


05) 
om eer ee 
He "A> 1.4 


x a KRRRANGCEMENT IMfoSssi BLE PVE To ONT+ OF.R ANGE 


TAV\OLSE SCREW 


OvT GORA, SCARTW Y/p> RATIO 


ect RRR BREEN 
= ms ¥ ee 


wets 


Ss 


4 


i 


¥ 
wach 


OPE ETE ETE 
: 2 


oo “fe 
} v ai 
ay 


. om o's meter Ny Eth $e . ny aie aby Ts a te ee aR LE SRA so . . 

SPOUSE ERY, pO RDS EU RAGA SON ARS ys Vimy Sheath at ty eo RE ge 
me xs a oY skeen *) < es SPO NEN See APE Cale tty Se 
* = ese ee SEY FE oe Swe sESe, YS. S543 5 nee - < a $ oN 
. is . 7 . fe re Raed . 

Rae eee ap RRS ete eee meee oeeemoy | oom Auten wien yee : 
we 4 
cy 


skein es 
4 


TRICLE ScQ ew 


: ; 
TABLE 7 RELATIVE VIBRATORY FoR CE AT BOLLARD Condition 
Seon CS | ace gO Ee TET IE EE RT SA EE PE OBOE Ee ASE LET FNP AIR SIT ELIS 


Cree I PRowutitLee «wipe B-4.70 Nu Na \2oRlM 


s35 TMRUST 
« 3 0 LBs 
as Peccsrr ea 


es a Oe 


93 | ow | 641 — 
ss| ooe| 4] 


204 
cae es eae 


ve | a ase oof ol on [ol 
Bepenene i 


VWist 


Fae] 100) ese] ow | wet] 9] ot 
20 Panif anf ae | cael sof oe 
[ose] vo | rae] soho 
[46 [aee[ wo | Ho] nf ee [| oo [ee 

ee 


Pe Pe ll 
[42 [vor | 20.2 | too] -o8t4 009] ost] 249 | 04 | 


“w@.l 


Scaew] SBNTER Sckewl OUTED. ScRew) 


TA\CLS SecABw 


| “too. 


rial , ” se Stauth QE 


wy 


+ 
" 
ve 
hae 
f 
£ 
ry 
ie 
wer 
ae 
x 
g 
oe 
% 
a 
5 
2 
iy 
t. 
cs 
* 
& 
4S 


TABLE HE RELATIVE YVIGRATORY FORCE A+ BOLLARD Condition 


Cast PROPELLER TYPE ER TIPE 84-70 Wa IVORPM 
———aaes nnn a 


ARR ARETE MEN 
Awd 


Lo 
| 
ca 


Wat 
S 
i o@ 

Ss 

~J 
BAL 


rr 
ee ath ew [oot 


3 
W 
Pw 
Y 3 
is 
4 
rs 
“ 
ad 


e 
~~) 
& 

~ 


|. 


“2 ny 
a) 


wN Ss 


TA\PLE SCREW 
> 
St : 
wh £s 
Nm Fo | 


Lex %"YOCO06S 


) X- IMPossi®Le ARRANGEMENT » AS 6S Wp fe 


OVT -OF -RENGE 


” 
ut 
[-4 
= 
Oo 
au 


=< 
a 
=z 
tal 
a 
a. 
< 


e 


~~ eR | 


eater atic 


OTS NT 
Paes. 


oo} 


Sead acters 


en | 


ceili a aa creme cea et 


ee OUR SS 


Oe Ae ithe “4 (sm a) 
‘Bgl sprpsnens WIYIS\MWMNOYPSIWIS = eet 
. 40 bs ba BHATT | 7 

f 

{ 


" 


oa eg , ” 
Bae S299 “aq 

48% =Wo 
C'492 OA @e 3) 2B'< ¥, 


SA O0S2. 


pawes, WORRY BST 


3 
od “ | T°O\4 


Not eas 


i 
i ; 
i vat 
pare 4 . 
for verane Oo 
re 
ae 
ve 
* 


aan ray des : O 
ose AAR BER me as ee as ET SEES on Seperene Retna EERE En) esas) es] ee ae . 
= % “eer , 


”, 


ea Pe Eve, Bow aye BL 


rads ca pee ree een Po ru prge a rs ead a 1 eae gain ogee 


53 
grin ett 7 
wae sal oh ‘Foy ” a 
a Re 
* 


a 


q te 
is : a ‘ 
4 e ; 


-a eee i . | 000 \% ' ¥E™ YAS 
no oe . 3 La OV {WOmaovyd5q 


: fe nee oe 9'O0 : Bay 
a om we : , T'S , ve 


0 : : 
wy > a 4 ’ . - 00 Pp \ ay, 
. ; 
| Cosh) s¥e4L anNns Nay) 
a Fou 
x 1 
+ 
Me 
“ 
,%TF = WAT ae SE ETE aE eS | 
1 \ ee ce stea 
; : 2 a 
: = 
A o + 1) 
& My, a 
iis 
a pane 
+ or ’ 
; * i : 
Pes ise ’, . 
oe ce 
rea t 
a Qi 4 
etd. 
Pye? a 
Cea Om a : 
ee s + 


3 


4 


Bean, 
2s 


Pom 


By 


4s 


vy 
tm 
Se 
‘ 
t 
fae a} 
‘¢ 
1 
. 
. 
wo 
“ 
te 
u + 
rd 
$ ay 
vt 
oN 
x 
~ 6 


aeRO 


awyas ‘ 


rvastap mp ne ere sae me, 


aay om yrls 
ocotog © TM *ARS- 
v1007'0\ ° Yr Dvideg 
1290 > ag 
43°3 Wa 
09 'y = as 
ud 19 3Q hay rvg ye ANNO 1) 


" 


lle at aot AVS) AN z 4 


2 


ae ae ae — 2 = oc 3 


Lom oe 


we ha . 
Lo 9. = 
a at oo 7 ; . 
> ie . . 
"YRIOTSdSMS «= SNIWHIAUNYS Oe 
SN NINBAINOM ~ VTISLIYM : 
nn. een ry 2 ; 
y PININIITS ; : 


cme + Sy Fh wom ' aamas 
ee ee0'zsz . ywo~n,— Satis. 
ene ove} 096's) xe UNS WED yTasia 


a ms , 4S- vs ‘wow ' Laved 


‘ 
ee t 

ed ' 5 
» oe a 


th, ae ‘ww OWN as ' 


: i 
ee aoe ate CO ‘yo Wieaant - ; 
Weve? bt .?} 

: , : i 

. ‘ 

- , “ ‘ 

‘ < ; . i 
$ e 4 ra . 


Bo tes @ssn ) sazravdag Sl ssy71> 


some OS Mo7seW BL NO dasug . Ae v) 
- “giaans - 71g 40 1988y mS 
Oe) “oWa3NaIg 3H. SMOHS — HOI3%5 ’ ee ee 
Ee Yeo Pols | re 
po :  - — eee oe on = pT feet pwnd 


eeiees ee 
tah NORNate- th ack Aad en a ER BO ae Oa 


y > 


i 


eee es 
» owed oer oesein i gf¥ 


TEN | ua Bebe soa syop-ar's 
ay aL0+3/9 7 g any 
UILUOIBDIQ) -Y-"N 
>° 1A 


t 
I 
i 
| 
' 
tt 


oe tt . 

rorre Sas mat es ctahgs ¢ 

’ ieee > 

dee oe renee erees ' eel 1 

‘ tte fetta dade : 

tye ttye4e H pede heed ads . 

ripbe t hidig eeelgdagd tehe Ww 
Tivedoeedae qt ° aS 
Serppategigss + re PX 

! tye 1 BR 

t ve : b, 
feat AS 


Mesebar w Kear CD 6 1 ae 
, 


Ke aX i0 IMCHES avOr is a ev © 
7 Ae LAM 10 LOWS CH eet Oe 13 Sih Ce eiesaal om ee RES eon Pere] Rees menses meses sexe 


ae 

I ie i Nie 

LSA ee 

eh ad aa aril ee Tht nT; = Ay 
aa a ee z Toe a He i : 


co : 
tices 


1 
i : 
. oy 
‘ rth 
1 t 
eri wgg tet 


ie Hu dgeeee 
i Ee le 
a HE 


- 
HeNbREr © RASKE Y ~~ % 


sarmanvots | koNTerenbed / iabicom 1 ysommtnit, 7, Lakes omens man amass MAM: GRRE em, toenes enn on 


pots ae ct 


t 

H 
-4 

if 

’ 

i 
mer 

i 


ian ARAB & Rae. nee 
- Lo AY 10 WIeHES wen weet 7 ie 
chiens wan - me cia sire Eee ie ee 
oe ead 


Pystah WANESAY AM PSI SAYS os 
PIR ee 


terrt: 
‘Gorn 
01°39 


KRIeRED W RP SEL OO 


Ke igi 70 k at ma ‘exnc ion 


£190 ICH BX 


: SEPTENTGs RENT aLESU ie ie ( sea te tag? ep 
ee 


i 


ipeest 


awe 


pen 


sey) 


oI 
eat 
Kats 
nie ae 
rp tee 
Renan Some 
cS ees es 


aoe 


KRUBER V Feome 
oN 


Kes: 3K 10 WitHEe wees neve fs a 
ee a a ee) eee ee ee ee ee 


. 


ant 
ro] 
@e 


eh | 


vio x 


LON NBeEPs @ 


4 


a) 


peers aewomme — teen eames easy Pee Bisse essay wes £1 CAEN Hoe oF 
e A ® VU mt Bnae IHD 
pears A 
eo 


cometz, foamed ees met 
ee 
Unt 
ce i 
nil 
Binre 
iinet 


=) 
(it 
ce 
a 
oe 
itn 


a «$+ fe 
- wer - > 
ES ceeee petee Bc cos os 
_ & ener ae oe - 
ee eae eS 


Tint Bal eae: fa ane + 

ag: ae anae a ee 
Spun sae) Eg a, eee: oes 2 eles eee 
oe fae eS oo = 


alae save. a-aeves ae 


prot: Pt = 
« a2 


ae 
pedi. 
ie 


He 
HH 
fg 
Hilletigen 
ge TE 
= 
oe 
HEE 
debe 


iil 
cE 
Sar 
aif HE b 
ie 
ai 
ney 
a 


oe 
ae Hae 


eee Bese 
bE a aie 


[oe 
EA aged 
EERE gal pacar a ee ee Pe ea 
2 geese te ma Eee 
ieee Hasiaee oooee ee ea 

gti ager | atte 


HE ai 
‘ee ami : 
A ee Negebagen eet) | 


=f * ond mae 
poy Caran Rael Povaod lard Laney Carving immed Wo gied Nd Bao 
4 7 ty H 


pia ba eng ag Coal 

phew ee hee - tee - weer 
papas Copeecatiag Beceed (mE Ronan ORO bette 
asia (oy mp dpi eeb see dies sates se hece sa 
perry Penne . 
TI. : 

ne 
Sa TY 

hot 
: H 


ca 


ESE FARSY HERS EEN Y POSE BOeTG 


eth 


_ 


roars meen wag omen ms lens ae 
ve —e eee lel eS eee” eee 


~ 


AMNION 


os nnrana 


FA EBEE5 SSSS5 S557 2 F 35395 os Ras Sesas ee See Sees 

suey Seo ey seus see aie eee 

i355 $8 POSES Eaaes rea is: Sgr8s coos tag Seeshe st asesas steweptitee 
Gann? sos $00 roger 2 ~ = hag 

Pi gineee au? evae reer eae 

HE ETEETE Bebe es besos od foe fe pe PS 


et 

bill 

tid 

i 
Hu 
He 
Fits: 


itt 
: 
a 
12s 


bes et CTE ae 
Peak 


He 


if 
id 
: 


pea beee ae. HI 
Pee 1 


ie 


seat Sent’ soes 

OO serra eres eae ances See 

Py oi) saves paces sooes towed tet sq ieee gress' syeser et sece, 
8 
ite petep apes 

‘Boost 


if ate 
fiat 
iil 
att 
o 
iifl 
Hd 
Ht 


r 
aw 5 
SROTS ft .ASe) SB 


w 
sasereseas 


pa Se Ea aay 
Doe eae, pete ee Spee Se Sie 


ry hen eene tte EEE 
eee cake seas, 
ae see 


By 


™® cee 8 ette 


: 


feiite 
TET 


ait 
THE 
[sige 
Hill 
is 
iti 
inti: 
Eiiaitinannces EAL 
Hite i 
tt 
: 
hi 
AN 
Hf 
= 


WU lst 


&§ ii 
ne 
een 
tie 
bit 
ESET 
it 
my 
Aaa 
ree 
Ra 
ane 
= 


utMEe 
+ 


SRHAREESES 
SESRRBATESS Bi 


aRBQu anes Ot het Se one! 
G oy 4, 
wasu 
v 
, eas 
t t t 
“ 
i 


stew a6! SBF, 


s 
cee 
He 
ul 


teal 
S883 


rt} 

as 

roy a ait 

Miers: 

ioe bs 
Haat : 
SSC 
7 


tf. 


ue 
=a 
Pail 


ie 


at 
tte 
tigi 
EEF 


See 
slesk (ealbik = 

Erie eies ee 

curaea ee 


: ; aee seth Ei 
mal! 
ai 
ae 


2 & 

Te i sa eaer rae 
cae 
See 

Scie ine 


E 
pets] 
peel apie: 
SHG en at 
Rie tinaast Oi: 
iain Sin: 


Heil 
a 
ze 
tt] 
bea 


3 


oO s 


cae He “Wy 


fe yet rete cea flea eg fuscia feemi ceo Ae eee eee tev Tete coed 
aia [oaa0 ae =F oat 
cy Ae TS Meee Ral 3 nah 
if tHe fees if rite AYeq 
epee rH HE Hat hie te arses esd tale! : 


iQ 


Sli 
lo’ ibs 


Ree nn eee WET MoI ME! MSP ES, eB ee oe a ee De _ ~ “eee <] 


ATE 
fat 


t 


t 


mite 
Ea eg 
HSI . 
feed ped gee en oe ee 


bse Ge 


rar 


(MEETS 
AULA 


iy 
at. be 


papery 
1t4 
moe 
tere 


THE 
Ei PATH Ra TER EPG Fae at 
(ETB eae 
Hi 
EA 
SHEET eS 


NN z 


lets 


poo-se 
> 


yi 
Ba 
= 
Ey 
= 


KENRAEF & KeeR CO’ 


: Ke Aw DO WetHEe aveuw new « 
Stead [ aatnetenenbl he i neteatead lhieeieeaninal 


0 10 AtaeapdbnaitCH eaatthhhe ? 3S Cees mms De] Pod ae ean wean qa ny peed = 


EN PETER Wad08 Comers Ce See 3 Saene saben coun pesos ow 


op abe heii stake leben be Gab Winn bekeenucl ae tee 
eS sues ae eg re ea 


esses 
| ee 
| Se eee S 


—o? 


= = = 7 
paid ps e 
pate eee how cs: < 
: ac: rages ye lSginese 
ee | 
_— 
i 


2" 


= 
ww 
ee == Se Bl oe es 
23 : 
: é3 
72 oJ 
<5 ses Epos 
ik aed saa 
é a 
e 
n 
i 
« 
« 
i 4 
a 
s° 
z 
es 
z 
z 
> 
e 
< 
5 


= 3. ee ae 
tirpt -ortet pee ves3 ° ¥ 
: ops seins tat pd bp 
i tq oft po hpeme Sree & 
paes pae Pe trends atte ° = 
Sa gm Aas & bd 
pag ey baneee 
paoy of ie 
ate Sees Space peee = 
AOI pons pee - mint 
oe oo < ba 3 
tees we jong eae . 
seheg- o 
. a 


SBIERTB(ENG 


; 
f 
i 
i 
A 
j 
I 
i 
I 
| 


dina o 


es fee see 
. Po 
: os 
shies 


HHT 
Tee 
ti tis 


He | 
Hoe 


a 


peoeee 


ieee 
CET 
EES 


pees 
ss 
sae 


zaads 
EI 
Seninal 


z 

= 
Ss 
2 


ey = Es et a 
ELT FRUEi ETE FRPP ERE Edin EP EERE 


ad ie 


tt 


ee 
i 


to# 


KeNnaer © KeeKU Go’ 


~“ oS NY 10 tee e MVee IEA BY 6 ff » : 
cc a Na ee 


eS 


Bette 


ot 


b 


HIE Or SPP zo 
ranpntorxs 


(OS HBlas 6 ABWLURA 


Pe Me Let | 


. 


pone) Seeenaedly oun wane Bees Ps] am =a ccs RE 6° 5 EE 


risa 7 MAx aAnNeyOs Yo USP (ai rtHost Cav irarion 
ee aes eye eee 
gee ie ae ges Ge es eee rt 


ina 

Warm 
ma > 

Hy ered penceets oe 

a enh ae oo - 4 

2 — — 
t erens 
econ 
saeas 


= ae 


itis 
i 


et 
t 
. 


1 


¥ 
Finitii 
dl 
Ee 


CT 


7 


ae 
pamaed 

ber 
2one2 


peape ae Popes 

fcee 
rete 

Helene 


a as antennae ten bentaben bea toennmeanaateenienanadadmennnane naan pace SS eS ge ae ie SP eT 


RH TT ae 
a 
eiiiall 
ita! 

Hebi i 


ed 
“4 
i 


im Brows 
' ts 
raees Be! 
dyed 
tes 
4 Gite 
+ 


toe 
steer tafeiredt 


& oe 
dos Hi 
3 t 
H . ede ete rdte 
H ye erane vide . Phy y 
att spots = 
ai ’ +h trod r r 
+ ana + ses . Paes 
ve ’ " + + 
+ . . . 
4 Ty4e S - + £ , 
oe H ’ H : eeae ce 
ae oe a H 
. t te : 
te é + aghys - A 
. ee) . adobe 
. + 5 ’ 1 + 
* ce i 


tt 


eras 
“4 
= 
weet han 
pees 
Ezy = — 


Patees 
Speke 


Seed SevenTssER age 
- oa ee 

Panes oo: ee. 

+ ae SS ed 


Sees eee 


SEH Ew 


pas som 
oo 
srt tt tt 


| | nai eee 
UT RR oo Sita a eee 
ae Eire TH EAT HELE RERan ees z bf i 
BE eer LG TET ei Midas HE Rei ieeea nee titty rn astaeerttae ean 
PH EEE EEE atin A EEG EEA ad GU en een een ae eae cea eee gee ee 
ee aE HEH TEE TE SE Aeseitaateeetpnst are ees ee 
He EESEU age AEA a eet Ed a ated ter DRE REGO gun ete eed act necro ace cece HE 
Se aa ee z aa sa ee 3 
pl rE ee feat La oe 

EE SuESaEa EEE HEELS i ai 


<4 rp 


Le ay 


a 


{~ ma. KROSDEF @ KR4eey Lo’ 


i<- aX 10 WICHER avoe i BB @ 
— ae 6m van anal OPE VCE It HZ 0 a fae 6 oe (Cm eet 


Hal a 
sa 


Foe Seeee Bas 


ee oes 


343 

Prd 
mri ies 
eos 


weed fe 
ee) 


Hi op 

HWE : 
ig i a s 
th cate 


te 


tytepbers 
HERE qe 
42 pepes 
aa ‘ vit 


tT: il il 
UAT HE EE 
eT ERE He 
peal TRU LAU 


ert PTT EE He e 
Hi EH EM ESE Lt 
een 


be Tai LHe 
Pr BeEEESTT ae HHH He | 
HEEB Ha Le cE re eee Pee 


KONeber 9 Reseu cv’ 2 


gS 
at 
Ce ¢ 


€ 
- 


i ni uP 
fated iH TTA i 


one ame: 

2 mete th-+4 
tr 

Ae fefetececreed ieee er ase 


tenbesaese 


ake 
P| 
“ 
tj 


ue 


20 
{ 


a ty INCHES Oe ee Se 
a Pee] aes Petes neel*” 10 .quec! mete) 3S wee as eee aaa Gam Same fc eam Pee Grea escorts 


rc 


CH 


ppene couennoces 


uy Sa rtsaeey 
Ag 


Paar TE 
CEE 
ae INE eee 

HTH He if Ht i He NY 
a He SIRE EA Le eae Reet 
a: ARTE bee Peri 


t 

H 

é 

t 

: 
4s” 
t> ra 
jn 
iS 
a) 
en 


: 


j 


ee aan ne 
ce ee i au 
EE a ea 

jae ie ee if 


TERE 
RET 
un tial 


at 


BE: 
ea 
sodas 
= 
eS 
=e 
ae 
ee 
Ee 
pecan 
Bre 
Janes 
4 
= 
Ee 
Sates 
fees 
aa 
ieee 
ones 
ee 
HH 
i 


eet EERE Lge TYEE a TL a A Hel 
SE UH UE in eth lL 
eee Hee vie eal Ever AP LG 


R & 


Grane RRR PRET PRTG Kee dee 


ee 


ee ake 


eesti 
[tte 
= a 
meee 
at 


“+ 


Re 

H 

at : 
Ee 


Seeay baupe puwen 
a3 pbs Chmog bape 
144 qe 


* 

it 

tHe 

tt eee 


ne 
4 


spe 
eB i EEL 
eae 

:aaes Seees Sone Ep otes 
mane cola bare 

- a+ + besgoit 7 
eit eo {hel epee ol 

ae 


ze 


see tiged y 


mae ney Oe Been 
ry 


TH Brea w Fes 
Sicese to 
fib. + ees 
a 
papers ame 
Spe ttT 
apes SERS 
ctrrttest 
+t 
ee 
aa er) 


iH Hiri 
at LS ee 
eS ili ue 


aoe ne 
a ROer ee 
o ae 
ee 
cocateees 


a 


ae HE Ee erate eneteae is Sette te 
AR a ete iii Sea 


fe oo aaa 


_ 
ae 
i 
ae 
Hee 


i uuu et 


cake ecestencs ozs seuss Greats ceeae Canes pases tes ees eesieeretiine 
PE Fah EEE se eee Baaetaea geet aia ERLE eo. 
= = Bs > = = Y 
X10 satel "Cand? 3 Foca _ Ne ee ee ee ee ee ee ee 


v ¢ 


H 


it 


is! 


en Beane 
BS 
oe 
i 
3 


ie. 

sees eaom 
Eibei an eee Et 
iiss teens < euege pence 
Sette a eae bo ee. 
8 a. 
faa Sans eS 
fe = Sees 


itil 
Gr 
PTH TEE 


Ht ee 
He 


re 
* ea - 
o7 
: E me 
=3 2 
a¢ Se 
a tet 
®. ced 
; iat on 
* pay poe 
ff 
- 
2 ¢ ° 
3 
3 
a rt ri or} 
- 
: a 
ree . Fs 


| 


# 


ot trittee 
Liv ; | 7* 
-- + tote cool ma t4a -oe . 
eB] NG Eajoed hagas (age bors Sie ag (ae 
Eps Span su sat ays bobas tpean Subes bob ed bare 
pees yy A teased Pe ppoststse sete os 
aveoma T PO T 
i x a isd Past ress ores bos 
eas baa 3 
bated eee Oks Ee ~ 
ait Faas feed 
4 


Hite 
NF Aylin ite eet pe se! 
eC ee 


tt RH roan T pas re 
f 4 — The Ha iad eet 
Beier Aten neettttl Beyer tT. 
en te -+ pene wees 
t Ha iis uP zen fie bets ee 
; pees Sees 


pears 


«~ ee 3a ae GC! QUES we OF 
° 


Ww 
° 


—- mae OE |606lUEE 0 
nw 
Lo) 


$4 


ee 
pres 


Teepe 


sanaaun cnbadeadhd>{~ cietaihdeneh aaenaaiamaamaeneamaneiaeeeaamanaanenaneEnD 


VOtAL 


Het 


Poa 
~~ 
= 


Hay —"y ovens 
ee 
Be eer 
t+ 
eo 


>He 


-. 


00900 


ASW/0 


i reticecsy 
iene y 


4 
+ 
I 
r 
4 


: i a oe 
-f- TH = 
atea tee 
She 5 3 
hrs i H 
payee wade PaaS 
cause Pisa nae a 
frets st the a 
Rae" pernes san H 
oe aH: ae 
3 . 


++ 
Lesa ft 
a ROSES Pears 5 


20,000 


abe 


Tat 


: 
He 
cat i 
eee ie i a FE Stee 
i HH HH ! =e 
Sie et Me si Tera el 
A i eee 
ire ieee HEE ase Yen Aerie any am Saas? i Sage ate es ea ey ts cs 


ab ae ate a | 


qposmanty po quae ee —) aes an] SUBS sc ene HOT oral =, pais eset] amy 


BINDMI OI KE 
4& ISNtUEY 


aA nRaen 


e J 
ts 
ut 
IE 
ry 


ee 


HUET GE Ped REESE 


het pet ie fet Bs 


frat 
i 


A ee 
ie E 


ea Te 
ay steer a : i i 


Ht 


E 


rrestii 
Sees 


gee ee eee ALTE 
iit 
a 


EE a 


ie 


ae 


H 


at 


ETE eee et laa ee eal 


Est 
fee 
ists 
iat 
eS 
ine 
PH 
= 
Hh 
= 
Hil: 
Be 


quiet 


Ss 
4 rte + 
rapes rope - 
feet ¥ 
. i ; { 
Buea se ~ 
guint ter get 
sie te s 
= ages 
a oy 
oan peey Socts 
etc | +m + de 
Peat i ies 
ab mene er re 
tag tyes t 


4 


ek + Mgt pee 
{ a es Pare : See (init @s Co ° 
am ie pee Peres Peers Saeed peers Beees vetee beak + 
fH H US: wise pas bones Sears © : 
eareg Foss cae 
Ht a pest Bed = aes 25 ER a ee eas bere 
. eae tet . {ov uote 
oe oo : . 
ye POe Sirt 
H seat mite tp . = 
eed a4 + Ly ars cS pers + 
ne tat eres seens Crees Pee ap e 
i 1? oe Rare Be eee eg 6 1 fe 
bee therapy tte pera + 
esis bob tated rm o 
ra 
Wed he a 
7 


oes is 
fee eae 


Llueeweh fe 
eee oe 
eee ae aa 
. 


af as 
is eu iin ar ee ali mee inn aa 


Selene le mao 
LE ae sae neaear 


c a sean 
a os sa 
St ae 

opoo 


A telgiad ‘ 
s « ¥ 
icity libs 
»' e Le 
i ry ty, XS 
(tts 
+ 


Hell Hayat} 


oat 
ay 

Cth 

ehbedee 


H itt iets 
rprptlis nf 
+ Paead 
| ¢ 
£ 
SERGE 
ss : 
if 


i 
it 


rent 


ee eg ee Pe ee eT eg ee, DT eee eR 


T tet 2 


GON oe ee eee cee caenees es 
a Gia bom! sl lobe te ae 
peste ee 232.25 = pat ee se —¥ Be 
; eusassed Sazees ae cheate te erst oad fe a3 ae Fos] cra 


ze 

oe 
Lue 

e 

2 

Re 
aS 
lanl ReR 
gan 


ti.: 


fa eee Me 
Me 
4 


gs3 
gees: 
3 
aif] 
HATH 
Preece 
BH 
AE 
Ht 
ina 
ER 
aeesfiteide 4 
HAE 
ail HH 
ll 
i 
‘ 


iii 
fli 
i 

at: 

Hh 


fi 
wr 
Hf 


aH 


i 
See 

iil 
3 


i 
cf 


ff 
Hal 
at 
att att 
BS 
BH EE ete 


b 
‘ 
4 


Hit 
ee 
priiiiifutdttt 

elton HE tie 

ti 


: 


re 
a 


i 
i 
i 


Pra eLTT e 


He 
Sat 
++ 
rh 


oe 25 | Span ee ae 
" 8 
ABEL 

AEH HEH 

tia pau itl 
[tinh 
si 

bail 


baad 
ayhr 
Ws 


SEizs 

Eee pe 

neve Leas 
pate FE 


Exest saan fragt 

Ffee re (ee tern lee eee 

zee ater ee peel 

HIBS ure tt a ou tea eee ae ee el 
7 ee eee apes : 
g2 0 ARSE ESS PRs beet rrbit — -bee lee Serer 
Pl cases cel ee tracts tr tee eee et PS el sera ae 
ae ects inte su eden Pip that 
: isu de util ae 
; eee 
sa nkues : rH Ea Ee 

Eat H peers x ee 

\ sok aeee cat ae re tert Hiatus 


=e 


ae fee 


at 
fe 


oo 
i 


as 


a Byuisis 7 HH 4 

ens 

rageins er ene i 
i “iit 3 


sis 3 - ae ttl 


so 


sits noes 


aa 


oo a zy 
2 ane eee 
. i 


EE 
. 


seezs pazanse 


| _ 


—ee ee ES So, 


Oba ne oeeee 
RL 5 a -e- delete 


Hil SE ues Sia 
Se 


saan 


AE rg ated tH sore Bia tite 
See TE fetal aad afc nope Vea ete ed 

3 REE TY 
Fe ad i 
REE 
Ree: 
SG 
Saas 
Ht Ee 
aul a a cee 


ei 
erate 


i ca 
ae a 
a ee 


a ie Na 
a a ina 


ae ale 


tl 


Hl 


nals 
agit 


itt! 


ze 


KENGAEr BP KSGEN cc’ 
a xX 90 INCHEAR 
10 SA CHeEpe |) 3S 


eee if 
Se 


a eS 


hy Sl 
aE fe 


eS 
Fees A 


fis! Stil ful. 


ott 


ET Tg ed Peer oN PERE! FS 


Math ry eat ees sant 

paage raped +h eee 

t et wees Bae Lys 
HE 

tet Get ae 


a 
a 


= 
aE 

: 

Boeu 


2 
oa] 


a 
ee 


La bf eS 
3 mere heaped Les paar 
= oerers ae pinay Ht 
tr eves Fane aL seat 


2 


wm 6Umeeeeel eel ele lee 


TOUAL 


AS 00° 


2 


Ses 


eerie iE DE ine 
TRAE 


ee 
Saas Bae = i 
——t- 
eae 


“th 2 
t 2 r 
ctf in 


a 


BEA 
A> 
cade 
ee be 
ea 


A 
pe 
Aa 


45000 


Sie 
Sees 


= 
ES 
ages 


EL 


ae eee eee 
2. 
cee oe gee con see 
: TSG Tar o easemes 

ar Ee Ge Hae RGn nmin sew 

Pe iol As eS Peel ede Basa Poe De 
Se ee ee 
is ate SE A PS SH A a ae a 
‘ ae Grand: EHD ee OU kee ea es ee Heli Hattie 
ae oe 

ott SEH PRET EE ete eee 


PMCS is ta PET HEE SER  CouaHia la geaailpeel aa Eder eta epev ett ceaee 


aE ere ae 
ee aa: 


oS 


TBE Ht PEPE HSE ian RSinilinalea . 


aoe sues: 
saeneseene 


é 3 ¢ "OR ® s R = R o = 
i REeae! © EseEu co 


ey eneuen a eeped ssenes scensse 


Keo 3X tO wceHRee areweey ® 
yee Pye eee ewe amatarete Sex 10 baile’ S Henan? 13 See 


pti NSA Ri iced lien eh tin Soa pes oui! a RS lt cok 


z 
i 
ot arts 4 
ae 


2 gee 
. 
ene 
« (Of? 
eras 


we - 28 
aeRe 
ae 


me.* 


et 
ARH Uy 
Rian? 


Bia ‘pels 
ini: 


eS 


i 
fi 


; 9 


if 
TH 


iL 
ETH eae 
EE eer RH at 
$85 


faithdtt 


cwene 


sess & 

met : : 

ee fe eee ee 
I 2c an aE eee ee eee es oe 
e Py sche goats aeeaes ae a ae 7 Meee ee Em mee 
: ary eer rears Pits s eeee ms G eee paraeaes ge 
: ae Ee gg ee a ae eg) ce eee 
| io Beeee Be Be Atlee 
Po), ee = Sever Seeees = 
i eee a ee ae a ee te 


‘AV RBPAR O INVUUEH 


Bey BL ETE 
re 
: Nig 
“ahh 
ey , 
S 
ETA ELE tay 
Hi 


tae 


eee dees spe eee ied ped Ste el 


a 

a 
Et 
Sones 
ots 
‘aa 
He 
paws 
i 


+ 
\ 


“rietth pest: 

: eat cose 
! 
tet 


tid 
om 
HET ELH 
SEH flettth 


sant 


f 
4 


Hib 
EES 
a 


TRG be ea 


Pics 
. 
rey 
augece 
eat. 
Ein 
nN 
Pay 
+++ c 
| 


— 
pie 
apes 


tT), 
rift 
fi 


TT} : ry t 
s4e0t “4 STHs dts 
Be pe ca } 
= wes ! ibede. 
ry ern 
4 t +0 
iy. oe 
ry es peel 3 
pers eeney a a ro aay : 
a + os iy Lin pe tibtebs 
age ee Re See Sores Fa stein 
J aba yy pees Syeus Sere eee 
is veg polt-deetede re pes Paar 
4 tities ag Peers Po + 
segitt thats tpedey thea 
H + eee Bo re oa ewes © Pins Oa ee! 
a bes the cons + 
oe 4 iyi a hte 
4 1 ae ool 
Pe eee a 


Eni 


ES 
& 


=~ 
~o4, 


Hig ia 


etre a em 
eee gene 


eee 
aoa ee 


wi 
as 
abdgssassceaies 
= Steere 


te 
os 


elPsy 


: : : 
sl 
titty 1] Hitt t seen Ghat ata fiytteth Pe dt bead 
Be en Se ee 
PP TE TUE cata benel choker | Bored lead orale 
a iA oghs 
ii aut LE 4 te Heth Wy seontriea, a: 3 LSA KA ALA 
¢ 09090 GOED bEGGS BERET PaeuN SENSE TeGES: a bs . oe Toa hay ted ct 
1; 4 2, = :s K i iy aeagedda i +4 
Lt f ippes el ; 
4 44+! i 


He Titania pit ity iis OM Ma 
Tide ee tates Ue dd PER EE ERY Gauss ot A epee 
LY chai fr peas ta wath 

mae Gof Pa Va 


ere oe Baez ate ae yee oD aueme arenas eossantons mmemaet EY eemmant! 2M levine OF Memmmmbg ts Sem 
2%. @ 4 8.8 F. beam 


ose emanate an amined amid clita. natin iach, nt en aaa sO LA cat at kh ph tn hn et 


14 
Sunge t 


pileareee z 
neal eg 
qe cee 


TRE GU a 
eee oe 
ae 


. 
+i 
me 
Fran filet 
pseee : 


oa ame 

HL: dae hag 

aif : 
ee 


ogres 
trey 
bei a 
bet 4 
caerens 


ahead tye 
hits 


ad 


ane 


aa 


fora er 
t-+- 
ara 
rae 


a 


z 


eed 
eet 


ives a 
i trtede ce 


+ 
Asa 


; 
4 


aTReETE 
2 ae a i 
bite: 


oti ia tf eG 
EE PERS ed ee eee 
an, Mn 
Ce 8 


uel i TBA ER Se 3 
a ie fees 
a EH HE Ee FE Ha THE Hee Bla Rat : cls BEERS - 
ae ue ae EL fete Hie OBS So aes 
ae HE iii i biatit i HEH Ht ii! : bee daa HE an Hateal ag zo 
He Bate EEE a Eeinltbal ahaa a Cone 

CaP AL Af. at 5 ith earn aE a fr 
aa Nl a oe ae agbeL As at 

FE ML EE HEE ri ana ie 


i PEE HU E SE eee re i 


ied] encchuawe 


a7. ESC 


rite 


be 
SESSSSEREE 


= 


; 
he 
sepia 
’ 
we 
crt ir 
; 


Q sf Renbear » teeeu co’ as 
>= a xX 10 1nCHEe AvOE IN TOW © r 


Newt C) 
ae el like "altel iia) "aed “Gina asia “Game am ene ces ee, eee ee 


omy 


sahori oO 
AY Rta | 


ot nanan 


ones BE! ™ HOWPPRy ot worn yr meme ee 


~ 


om oma > ome aaa aus eae Perce) wae Pree i) 


a 


ee 


He 


a! 
iy 


: fee 
f 
Tat 
: 

cote See 
fii 
: 

HA 

He 


ar 
i 
al 
a 


nate 
ine 


a REE 
HEEB 

Pai 

bE 

sy 

lee 

Hd 


Hea as 


to 


i 

NaN 

fiegi ssh! 
Nee Et 


x 
BR 


atl & — 

$ 

gale 

Pe 

aE 

fu 

te 

int 

ae 

BI 

i 

J 

Pal 

Bid 

ea 

See a ee ae en Se tl 
=e = Sif ceicreree ine giet eee teers : re ad ; t pris 
sae FAH nn We STE 

a anne at ke ghee ene 


it 
fF 


H SUEaszseses se sreeesces 
a 7 


xt 
fH 
Li 
hs 
bbb 


Sesanase 
bassereess aes: i 2 
e 


Ba 


seaesaass 


10. 


o 
mit 
evry 
, 


Heit 
ahi 


4 

% 
if 
tr 


ese 62 


Ans oA eg 


oh 
Ni 

Ht 
1 


- 
3 
3 
aT He 
at hebteta 
tsbeda oe at 
= 
a a ee 
PERLE TTT Ped ThE ; 
tt . 
tae ' “I 
i >» 
i Tisehs 
1, 
+ oa 
a T 


ae 
ties 
bo #3 


sagas 


TEE 


Bit 

ee 

ht 
a 


as i i 


a 
Ee 


a 2 


ile reli 
ea ee eee et 


Ee 
fn 
He 


. pid 
Ht 


ne Ena i ag Wa ee 
[oes ane ster eae a i Pe Lagete wath 
: . a Hee poe Teale 


7a 
ape 

HEE 

: 

Be =e 
Ba! 


oom 
Hee 
saiss 
sae 
Fear 
Feat Hii: 
oo 
B pasees 
ante 
a 


a 


at 
tH Heil 


Ley ; eas 

it pei 7 7 

ut Hat digi; ; 

Hi! H ese 4 thaihtieppeces | 

eee "hr ft v7 “ry 
aes r re Naar bs rede 
seed Pen (ras , 
iS mead 1 


0 (G00. 30000 


RR RS 


fo. 


ee aa | ee ob 3 oy 
a oat a a 
bode cl Oe ieptoe e eA ae Bene Peon Mane ee Eee 3 2 an cx 
s \ Say } ; ie Le i ‘ =. rk 
| 7a SE 
oe g le coe ne ee a ee (a foo a’ oe ) a 
Ns, es ae s Cake Are tee eri are ee eee eee wet ; ‘ 
Wo. tow | i i ae Se ' i i 
of apeebet- TG fester aes Gare | 
al oo . Cg ee ee io: 4 \ 
pares Be pants ko hat? aaa es t 
im an ar : cate _! enn poms ve 3 f ‘ 
ae eee Ge ee ee 
= Noe eee ge ee iL. .. 
‘ Cte ‘ i | 
my 2 
7 


OTAL THRUST 


(a 


red 
! 

at eae ie 
ager 

22 

; : 

es 

: 

t 

-— 

‘, 

t 

' 

' 

; 

4 


¥oR_|..B-'3-S0. PROPELLER; AT 
eon RA PMN JE DIA.) 
ok eo aes pl Ce Pe as ee ee 
etcd 
eer fojesetins belt 
Soest : 
ease a gar ae hee 
ee ee 
ge eee ow 
ee 
‘ : ; j 
: 
a Ties 
Ea Be eM ee ee ee ee 


> 
$ 


5 
. } . 
Se ati 


“* 


Ge i | oo 
i >) : 
‘od & og ee wa ee wee we 
. ‘ 
‘i : 
? 


i 
$ ot 
a4 
Sei beta os pas 
‘ 
’ 
: 
re 


: 


| | tale 


i 
f- 


0 Se oie 
see ins 

be oe 

t - - 

! 


a 


‘ 
1 
‘ 
te meen terse ee we oe 


| ' al 
‘J 2 ie 
| yi Aro ese, gues Es) sd Ne Ech AM ott Fb? iD Pet oe Od 


WO eee anne oe men 


t SCtinb Er Y EBSCR Co" 
siti or, Ot 


om ao . a hn See ae COM AsrsptaR ee © bee’ Catalase Mace . . 
Lop a Co. i ee coy CE eee es th coe i oes a coe a ee oe ee oe ee ee ee 
Fons mnecanpunaniae ema aanrnn mame atain ramen seman daenenieninsnanene inate sacnenanenia ameaaeneeaenaneateie iennaiasemnelieeiammina econianmmemaaunaabaumaneinnend haem cmmammenenmamenl oleae ARTI ane RE dP IA Hb alow =~ 
— : : 


SERRA ARIA TEE Onn BRD Parte tema ara tn 


sete 
: 


t 
t 
. 
ins 


t 


a 


> 


LAM AT. 


SHP._| 


R 
G4. 


RYT) 


meri 


cf 


THe0ST VS 


120 RPP 


-~ 
= 


i 


lo 19k 
; 


3 
! 


* * : 

= t 

nee oe Bene > Po ee me 
— bs 


ley 
eioomyg Sas os 4 
ie ee 


. 
ie 
! 
i 


—_ 


? 
sek 


ees 


ve bg my ome 
, 


a a 
; i 7 ; : 
; ee RTE ES Se eee aa 
E i ; i : : 
; ai nstetl, S Mae = ; ae 
< 
| 1 : , 
' ' het : ‘ 
7 = ae z p 
ra -s e ie 
: 
; : 
; ; 
are meme penne enaanenmenyareens emanate emmmnmmammanree 4 tame 
\geco Zoos = 


Ts 
E 


e 
po [|_-CaAs 
i PNG BA 


t 

‘ 
Sache 

“e 

i 

~ 


le | 
<) bude 
2 Soe ed el F205 We 


4 ' ; PLARRED w EBs ne CO 


Cc clf.) ce aoihenedilcalll enaiiions Ged tS SS Oe Oe Oe? 


ny had 
Sage 


t 


Rees necked een om 


3 P 
Gusaeent 
Sinne: 
£4: 
‘ 
‘ 


4 


. 


t 
ie 
1 


ener me 
eo - 


re. 
alate 
tu 


Vi 


ear 
torte 


¢ 


~ 
“~ 


"4 


ex 
fe 


Bane 5S 
“ 


“3 


pm 


| Sa eeene 


cs 
: 
‘ 
' 
t 
‘ 
1 
ene biciinad 
a 
wt 


pene 


i: 


} , ere ; 
‘ re . 4 ie 
4 oy? ae ; ‘ 
- top . ee : : 
x oes poem _- ' 
: - . A y 
* 
. “+h - ae? + 


079 
as 


eee 
oo 


Peres: 

i ries 
+* 
by 
a 


i 

' 

H 

i 

1 

4 

‘ 

1 
-s 


4 

saniee it 

Parana , Gy ) 

ts ve het rf ; mh 

une be fv BY it Lede Rh one, See 
aere “Dypttt 5 mt 

ae 

a 


Figate seh ts 
: ' 


\ 


» = 
ane 
: + 


ot 


4 
if 
wz 
— 
neue 
ts 4h 
Bye See 
Sart 
iyuee peer 
peers 


é 
st 


4 
0 : 

a 5 

5 


a 


: eer « epee 20° tt 0 fe 


Oa de HERE Bree Us wees © ‘ 


i i hi = 


t ane 4 


ER ap ee ee te en Ma Ms a ; 4! 
s ioe ane ae ‘ 3 
id w ro “i Sree a i ; 
- 4 7! Bos Sotto tare WS ete rae. gol: 
ie an Ds en On ae ere, BO, 
rest i ater, : Sad , ‘ a 
LErpers ¢ Ay en Cee ; a 
LETTE bjs 2T" oeeue ee baw totel ae Stat ; ‘ 3 
boyy Hd a ; u ' f 
reds ee ; { 
4 ae ee ed Me eae ae ES . 
: ‘ % 
i te i . xt 
2 - ‘ ~ 
a ok | a 
: we 9 pees H J 
“4 ik cele ate RS BRS Se : {) 
wie BS -- : ~ 
. 


eb ewe eet 


—_ 


TORRES cade Ameer mE Bo, 
- ci teat teeter a naar, at nha a nent 
—s 
: = aes ae 
— we Oe pe - 
3 : 


haw ws ; 
ie, 1 t 
& ys 
‘ \ he 
; nd) oe Me 
| Mi 
\ mT! ‘= . 
Od. 
Me y¢ { Le ng 
2. Sarees 
| Mie NN, 
oe Ae 
—~ pot eb 
q.&. {. 
a. QQ. 
a, fee 
ae ery : eee 
ane key procres 
| we ee be sen meron 


ee ee 


SH? 
Me CLAM Dike), eee 


. 


AMEAD | 


- 
eae 


70704 


a ERS 5 
VS 
Px] 


7) =zi20 2 


> Lary 
as eS 

¥ . 

4 


' " 
en commen + eo 5 aww 


‘ 


eae we eee 
' “ 


t 


« 
< 


wwe ew re 


Same = 


oni 
srter -G 
. i-- . 
tee we. 
a een 
rs nae 
6° 
+ 
. ° 


a 


"o/h 


sac 


“t 


i 


i —— 
ree es 


e ‘4 


ry 
s 
ry 
ee 
+ 
2 


ee 


errs 
foe. sw bos 
cu Gowcee = va oe 
bas aie BS 
say 


cane: E 


a 


ia 


ve 
a 
cg malo mamemrreraes mon eemere 
. 


ee 


sa npeme: i. TER - eat tinaitar are ee Gani Se 


t 


tee 2 
' 
ae, ee ee, Se 
aad e is 


eh enema 


bLo 


Rabe amare rwenee pean sbewes Sen aoe pace! anes sys 


Cr tS i 


Note Te het ped 


i ean 


Sesh 


Fes) Ravan 
} 


[SPAR 


R 


we bree Co* 
BrCEIE RD aWe 8 


— 


Reed binned 


STE EP EA EST OO REISE PS ok (PERSE, HOMER See tele an 


be ae 


CESAR INS BOLE BE BIS i REE OR CEE Rha tee renee i + 


i Sere 
y Ltd i 


a | 


os Sail Wes CM! Na TS a ars Gaatd 
: SEN, wig gaps ae . t 
se poe rests aa a SESE ye cig a ts Se se eee Santee 
wee ’ S es eS } : i . | { > ; | 2] 
nl oe i Ei ee eee eens Oe cee ar ore 
‘ ' 4 : woes : . i 1 § * ry 
Sa Gea ee ey oa es a 
eee Ui joa biccenelg can ia Ne teeciiordeS AS ey eee = aa eee ihe wet 
as imac werd Beene H i : Boars : t : 
ie. 1P2 | i. | bee bast | foams, 2h a Vi 
Bo SON cals ca BN es - eatog el bee bes Hy etae aes eae Roamer 
es ew eee. ease tae ee a che 
i ae cas ee aiid | 
roth ed se sa REN, totes ; * 
! . : ae ' H tf { ‘ ‘ ‘ i 
at idtetieee ah Hadeovet, ye H Pe eo eens Lente ees 
Ne oe a ee lee 
ee ff oe . aR Bour we ee 
‘ t ‘ 2 t i , 
$ ; { 
‘ ‘ e 
' t 
¥ : o 
WAP ais 
» xi 


dered 


eon 
i 
' 
' ' ' 
* i 
«. Bee. % 
a Z : 
' 
t 
iY 
‘ ‘ 
’ 
on) 
Hy t 
t 
t 
‘ 
a 
' 
te 


ee ee 


A ‘ 
Lune aete mre eee ee. eee 


4 


’ . 
Broce end 


| 


lee eee meee mem aeet abe atone dee 2 ote 


. 


ETT TT ; 


‘ 


1 RRR Pere Ag ete YE cote Hag A AAR RCE BRET QEMVGTA EA Pottery > 


Rae 2h on SYA Eke eS 


4 ‘ . 
: f ae Oo 
fap meetin pos “4 
| 1" i: : 
* o : \ ware ' 
oe “~ cod Gamal Sold eran bares . “4 
‘ e5 oe puedes Todicteat © ; : ; ~ : at 38 : 
a Rlfer bE Ip fi . crete g ele he ae 
le’! . : : yt Pa i a a }! 
: nnn ociannne . ere Ree : . Ont 
i f foes Senos coll 2 a’ 
ibe Ns ae Yo 
o Pr TaN i 
Ke, : ‘ ‘2. = WW; 
woo : "| t: aD, _ 
1 Ne ee er ; 
31 Se a 
: Bp | a, nS 


To 


a 
ge 


3% ‘ 
: a : 
: 
i Suns c, 
} SHH CCE oS : 
fisgis Ss (ais ot 
deme gyrase aban t 
f SES NERS aes : iB 
Sear 
} eer errr 4 pbeece Pal 4 
q ewe eee Pers . « 
ho Sa Tp 
Cr Paes bw to. ° 
Ang ry 
‘ “ . Be 
, 
f t+ ° mt WAKE 
' + ~ ve ees 
: 


; Jr tg 
epee ' rere pore en San 
sfe Pan bona i 2 
. 
od pene foe ey ; 


Wore 


yee ‘ 7 
ois { : 
‘ erate ow ehvees . 
as 4 we fawn laget s 
\ rer : 
sedba te ; ne 
’ aene ‘3 ~ 
eee teers me ks 5 


. t 
: . i o re ae 

F ’ 0O..0: ee + 
a ee eon ae eee 

* ee ener penss 

. * ‘ ‘ 

\ . fee 
$ J < J 4 :d 


a Ohi de 


Se ee 
oe oe serene (eon 


ated 
soegtng 
~ 


coe Hob. t. fof 
SN apse P Sezlalt 


amend 


a 


dj e cy fe PioSs ay ai au 
es a Oo le an ones BO te, i Sees So 


sibaaneinnataiagesinssouee 


we 


MRE TR I RE 
ee 4 
m 


sll iu ius Wt Be 


se cae 


ee gee ea a 
eens 


ae cy age ae 
EFL Sete EEE EEE 
kee Eas Poe e 
‘ rH 


crc 


Ean ae 


ig 


rt 


ae 


5 


par ius 


oo 


— 


Sst 


iseaays 


eEeaE 


Bie 


sae 


an 
ae 


a 
Eis td at eat He te 


i. 


cg pat 
an Recall 


isksondas. : s PY 
i = es nt % 4 Ate | eoare aw: tase: Bases aocea : 
a @ ef] Piatti ty itt er es sa: ‘euane ° 
ath eae acs BRISiiGts 1 Sih fast Pa 
Feeea digit aaaiz teas jeper etsy ooeeseee 
itn se SSreeEgEn nae nad aad sped (fez ed eS OM 
co = erpsaizses a J ee SS Bae) 
sigs: EHH eid act cee fet dasee eee fee ett ni agattoee tse 
iit senss SSngnaeese gacea Guess dada snesa sates seees sgaee ee 
ke it oo 
ee aoa ooo ee para 
Et iH rH is 


= 


soe p oncceee : 
Epstein Ste end ete ae enna el ee 
eT Pies ae ee b Seas “+ ~ 
ne need 1 


Ht 


at 
iii 
BL: 
yo BE: 


EB 


Hig? 


wate 
re 


ee cage 
Ree SORE = 
oF 


Fal e 
ee ae 


. 
eee eee eee ees eis feae' padedounes vncesannaudaswaencasccesccrams ease 


ieee reses on ate a eae ee Sape 
Aw pee ck roty 
: 
Pest isan! og Be 
98 Bae ier see eager 
oe }'t+ LH cea akc 7 i 
ob Bi pies ocr tans og (nara 
Bi bases tcf ht wig tspoics CNOA 
ist 2 cts 7: saps Pores pxhae GroNG Bites Sear Fi 
ss ae sae Bead pied Clied baitien bor, COINS is 
esseed Hot; 31 saat ans ones habeas (po eg emren batird taeleed Gana 
—~>: oe oo ~ tie 
pace Boe Gane, 
. Se aces tages 
he tet 4-24 - 


re 


: 5 ty 
aa oad 
+e + ee we 
— ain ead De coed Seatoh 
seed wires Paks patios 5 oa 

ghees feoe; ag rent 
mee 

fe 

: et) 

‘ + 7 “_ 


+ 


+ 
t 


rie 
+ ag 
‘ste fe 
v 
es ‘ 


oe fits 
(oe 
aS SEA Tea 
foes ener 


oe 
ae ee ae 


AS. 


iipeseseee 


i iin i 
oe 
a 
ahi 
i 


3 
Hoth 
Ligt 
ud 


Le 
aida! 
iy 
Eas 
= 
i 
ital 
Sr 
ut 
Tie 


te 
‘ie 
i 
ai 
tue 
HUGE 


keneater © seecu Co 


oe d % 10 mMeHES 


10 X10 20 BB INCH 


wree tH OV o 


we 232. ed enameen en Ee ae <7 = 866 recs] @oemd 


\ 
an’ 4 


ze aa 
oe mE 
ceeccee ; 
ies 
ocean Ae ie 


i ee 
ATER EA 
yo. 


ee 


Sones 
oc eee eer 
cae au 
Ce nae ce 
ae ee 
fe 


te H 
— se ae 
: rine a EA EP a A SEE a 
i Arr ET eet ee 
Teg HHO Tete es ENE le ie at 
HEUER ET ee EEE UE aoe te eae 
2 ees ar ee 


HE PPR EET bette SE besd tise daca itestatens cat ae ay SES RESHSE ae dered fitsy iiftapstesisie 


rs 

a Ur 
Feeds ptoes sb bs 
pads BSats bes 


wenoer @ aegne r 
KeE 3o 50% ats wave 
40 X 10 40 78 HSH xa. £3332 


ra ftte 
= ages Guege Green Peees pees 
5 Safes fist SU RS aad Sie 
sats : Soe kts menue Gera pena 
: pres apo bog!  eeeae Pa} 
ae 


aes © is+14 
ite 

chads Se 8 
Sle Hi} GON TA Bie 
vy HH 

fae I & 


is 


' 


‘ : 
‘ cad 
ti! se 
eae Gee - 
Ea 


TST: 
A nes kes 
nae 


os 


Bieecesssil ors 


ratrte 


+ 


eg 2 ers fie g 
3 Sees Faas esi use 
Nan, eee x Hy Sai 4,77: 
1 Ak tad ped press rears 
4 ° te ede eta ded lade 
eh ea ae i: 
ef + 
Lis Hh 


re 
— 


te 
bs poees bet af 
: ae Seeeee 
Be rete faa iat eat its 
ad bras fo 254 bSaee Seamer H TH 
ee bliss Lilt ee He Ey ene 
ee ted Eo ae se ed alfa atte 
- ‘ t + t gases ai 
pens ee a e ans was: ee Rae 
eteTe NW Rees Sse seas 
133 3 3 THI Ji is Based bs 
HERE Terry ele ; Se ae HE | = aii ae | 
' A soe ~ one 4 ’ o- em peas eacgee 
ees : ee 
ata i aA TT PES ig ER ME ct ae ES SESS 
ey Be Lj td ceae: iz +t ae Beograd Coane ae est ber ert 
Tet | SHEE Sic RE — ~ a apespeetpoteet ate eres iessd 22 °s3 fees 
i ra [a eee Ble 
bd Hil BSF tt Pr ot t + ¥ ' pag Th ts: 
hat Hue Kegel Ea ed tea Fae HE 
~ ae "fh epee ae 
all See aT EG AES REL SEH aE 


TER f HU EE EE es a ae 5 tas ned 
Oe 8 


dee 


oe 

— 

too 2 =. 
en ees 

~ - 
parses pepiess § det 
tone Thyoee 
+- 5 Sates 


Shand 


} Te 
arti ih 3 eet 
~~ LEE ES oa 


XENBREF 8 EESEW CQ’ 


. 
Ke 3% 70 IMOHE? wvee te A BY © 
‘NV ‘O40 LICH ea (333... ‘aeniestanie Pie 


ey 


a IT, eS a ey ys yy TT ar rT re ee 


o 

ra 
yt t * Sone beaks ake 
ae uma: 


saa uh 
= at feet 


err abies be Ht 
: a = 
+4 


: epee Eaters bee pores sages exea 
vac pebtae ree edi asad foe: pea oe a 
tf fc bles 7 ; El eka ae os RESAE eres 
= 
rt a if Ester ys : 
{ ie rt Pe ees 
rite mr 1-44 


oie fang 
fan 
5 
pres 
an 
Ts 
, 
af 
ra 
7 = h 
hel 
Ties 
Bal oH 
! 
ea 
ig 


uy N Tit 
aa “Hy 


ate 


ae 
feos 


rf et vt pate rf 
Poe Le ae 
‘ eo) ttt 


Eee sodas puaes 
wre THT 
pit eee Sones 
Pee Ses} 
pace 
7s 


eat tt ing 
te eevebeda 
itt whe Peoet 
Ai a iit: oo He Be 
TEry te 7 
t i : 
ery pias! tyes oyte ~— 
Hea eats ai 
or 
aha 
d 
Lit “ip 
: 
apis 
33° 
as 


Tah 


=e = 
bate .eee 
sau, os oy 
anes Hk uty] : 
xt pert tee +s 
- . * eT. s! + } 
bl : ' 3. aes ses ries a Tepe ocey 
i : ss tripree byte: 
ad “i tf ip Nie i Beis pees PRES reed peees Lr 
on 
sets HOPE! ve aT TE PN nese cee rH 
2 Mees #4 tyae im sad Sieg rT 
' certs om pn Ite bet : 
sad é‘ ad 
iy ant HIE Hee ed Feet Tee i 
on tee [aan aheterhote $a t 
4 - ° + ark 
aad baeed BE ita Fags i: xy 
aT BES Sead ae syed sed aa] PERE 
or pene BY te Pea ve 
ie i BRA ret TRIBE ETS eri h ie Ret 4 
au as 
oe tHe es: oH teeth Barbe utpcheb gr es : N 
bas 


as 5 


eae 


ug hh 


sone 


rok ae T sees Ff 
HE eee a 


FS J EE Rb THE Gt le te ct dt ed 
itt a 
FTES a Et esd 
SEE eee STE era te 
«BET ae 
a 
jecea IEG EER sean (Rec es ceaagaee cette 


La 
eae es 
Sch alae 


Pe spares bus i 
a! 
treater te peeberee 
tort ptt Pete Boe 
oe ikdbiads ae inaed stnatt atae 
Peoes ee oe oes 
Let 
4 


KENLET & KEUEY CO’ 
. -S AD ly astChEs AVOE tH A SVT Se : 


Ct i ees 


we bebe gee 
a iee 


taed 
Mae peers be 


a ib bes (alee 
FS otnet beset 
mayerps pagent 
Bias biter 
Fe ee eee 
led 
att 
Ae 
atl 
seem 


pone 
—- 
nat 


ree 
oa 
~ 


oe 
1S 
i yh ave 
bat hae 
nie aE 
a8 


ij2- 


8 
az 
ta 
aa 


> 7 

- ieee 
eg imdebal Galles 
poms oni 
it aan 
<= oT 
pees 


ae rth 
TEETH: 
Tere 
ee seed oagtitigs be 
tire : 
a edes 4 ae 
if = esi) relt 
un ce 
aaa ae vy 
a sean 
deel cei ne 
ft cial in d oat 


toy 


Fobes Eaves baskt ape 
Hrtt - ast RE 
tr 2 Bere, +t 
IS 
\ baba me Pease 


ee 
Te 
vo 


aH bee rH foe 


ee 
ed 


+ 44 rrs 
sees fesfin an 33 a8 parsed 
ppmens Sarees i. 
eng Seeee Sears 
peel mare prt 
OES cease Sito! 


a a 
Ha 

cee 
et 


alga 

het 
+ iJ 
ey 
ES 

tty: 
H33 
ip 


oo. 
BES anne 
a set ae a ee 


He 
a 
ee 
a 
ort 
ded 
yh 
re 


i 
2 


# 
HH 
tae 
if 


KeENbAEr WO Leeeu €v° 
Av ay HACE avepmagy & 


edd? One iid Sleye el eel: 


Re Hn eee 


pebesats Webs Toe fe ade sep ees 
i an eae Beene Rees 

— eee onan 

Ese ches ar ee 


oS Ds @ eens 
qt ped SES + 

i wy} He [-++- 

fi aE: + + 
Tt ne ‘Ty nptins 
RSs Be : Ted tr de” eo ee 
. ye fees 
5 Theat ai ce 
: Ke 4 bere 
I+ 


“pt 


bene | credit: same 


Pe! 23°51 


% 


ry am 
vide 
ee 


a7 vt ar if Tr 
ine pes ptr nae 
4 Tatiddes ded ma Cask eH 
ye 2 5 REREE PERE! peas, Si 
eget pes qe. 
a4 tits LB Ao We 
heat ttees tere 
TT - 
w2', He Sad oes 
tiie aibtstib ry 
(gee Bega asi 
Tee Ioana opens ot 
‘ sae east 7? eee 
tot ty : 
et aia on 
= Tefat | Pg SEND Gas 
1 et (eae 
hy t me Hy Tyt= 
THT ae een PEs a 


3 
7 


4 


a 


Wage 
ape! 


rates 


st 
oes Baws 
Beit pone Sa oh +h, = 
tirpett cpt: copa 
BS Gee USSE5 Ole on 


pens geese sane 
HEE: BESTE. 
245 

nd Fone 


tas 
jad 
ttt 


ra 
ih 
‘Be 
LF | 
ia 
nu 


ot 
EEE 
bpsss 
7: 
ie 
tng! 


Lowes ey 


os. 


hots ESS CAPR SHEERS Sean 
iets he Seis? fa 
+ 


ay Bay 
t 


acetate 
SE Ser EE aaeceueee 
ee 
SE oo 
EU a ae oe 

cee eee 


ee Te 
+ y + ‘ rrrthy rt hae Cae eten bodes 
: Hbzegeses ches od Foca: sizes cose babes f26ss fated Bee ap 
rHVy ih ea oral tH ret batt pane oe —t-- ert rt 
if SREB HEH Ei re Hie ate HE isted fesed beset faseetoeas 
Hans | ee te BEseas padge scans seabs gueee feces Setee pass $0555 SEES FEES SESES Peees 
eunnes\ of i oe LJ —4+ 
bere | it Yigg te aba focas ince Shees SeS08 aces 08g SMESS aged Duane SeageSesss Be 
39 tt jt einede a is art paws (ees +: athe 
if ths paeodl Biks HH 4 S ea & sasue SAdea 65:55 sauue 
ee eye}: eT HTB mee PUR Bas besss So8ts tag cones ces pated foot Baa 
34 ard Hi iy pele sey tnesg ees its Rits 
: : i ; 
ia 
Pea fie 


cthety = 

ET toy muse peg: SSE 
Tage Ss codes heel edi Pte, paste spits 
eat t =o 
a u 


Paes 
eesai 


a2 


ia a 


E 


i 


KENBMEEF OS Fasev Co" 


Ke Vx 19 Qc % aves ie ax; e 


Se NAST a NUDES WOOP OTT E NY VOnTOONUTEONNTT 


startet 


Fee Sa A OT eT 


| 


PIHIVIS. XT 


-O3 MEVNR DB 2B ANVIN 


me, open eae eae 
HOM WOT Oxo? 


ESE? Ba 


@ .A.6.U RI SOan 


. 


—_—_— —eZ— ot —hUcrheElC EOC eee 


a ae = 
SE ae ee eS era Ee 


4 
HY 


te 


HIE 
ty 
i) 
Bil 
q 
’ 


aaa 
rj ye tH t 
ESebi Shake sez 


Abas 
i 


Hee 

ied 

a 

HE 
cat a 

Hy 


: 
i 


4 


pa) 
ba 
‘ 


i 
id 


ie 
ee 
RUT 


lt 
Z 


He 
Eras 


ie 


£ 
et 
4 


ste 
a awe whe 
on 


if 
a 
= 


Ht 
i 
TUTE 


seene 
Sh 
ar 
Lt 


eee aie 


yy : 2 
po Se eee spe ee 
so. [cause sere 3 bibs nee is 
ap. apene Sat = 7 ot 
=e df fe ct ant se eae ee ome ce pene cesta ge 
CS er ear ee 
ae eee ores ane is El eee ce 
ae ore +2 re Bi rp oe panes 
nee ae Bic fe ee cee ete nr et er 
S220 eae 0 ee eee ese ee 
Fs ee ees cde em ce ee Ene Ct ee Oa eae ee Cer PE ee 
ati 5G? ga) Tees Weores Foard Es Shite EP ate peep 44 tye 
Ce 2n0 oe ee ans See ee 
% Pe. +7 eee synes news: B pene a sqrt = py 
Bee Ges Ea 
fe eer fee Sade ea 
ae ise: 3 ie seid 
ga fed ee 4 miraaiae fn dale Bt 
is SS Fi ies ae Ine Fee ee ote a SRE eS Eee 
sift et ce ick ;: s 
His ean alae ae Ta eee A H 
Plo te arts iy pare = orn Tt cone emus fi — 
Hie Cpe ee. an Cer it st ete 
aon crt se taf yatta 
Stl fle Ce et eer OE tle ace ee 
a3 agege +4 Raa sibte obeee Rema ti + 
ee pe - 
EG Sea SE Ed Sa Td 
Bi ey er ce Fare PERO eet Hele He a 
im ’ Ae " Pegye pe 
ie ee eee oe oe 
ogee eget eens oe 
a a yee be bal 
Ups teeter tne ttre eta Netra Lee eee ee ene 
Coeeee acts Gana Fs Giclee err er 
sueha 4 : peeks = band aE + ; 
eat Lys We. pe wear a ah S4tTqu {etd eat 
aa oe eee eee 
CoGer sseeuSGis) Sane 
gals Povey pon Ri oa pe mes Eases ae 


it 


+/+ 
+ 


ee 
ae 


PL 


ree Poe 


STEELE 

+ 
EE 
ee 
an 


ayer pia 


8 H . 
ny ees: i F ° mem 
ie TR Fray Gira Benn 
auaos Guan 
H iif Ml 4 .* 
ifs 4 tif be en me oPuyE Ca qti 4itt im hi 


watt 

prea 
7 7 . 

ei aed eanne 


ae 


uw 


Fr RT ET ee ee ee 
gin ve ' 


ee 9 
~* “a5 
fae 


Sy 


ot 


{i 
ie 


iismae 
SRL ALE 
bet esate 


> 
e 


boris 


pe 
x 


< 4 Kio 
a = if : 
a \ 


Anata 
eer ashes 
HA ee Et ES UM sa trcaeat cet Uo ae i 
al A OE a Es A 
Eee EEE te a Ee i a 
ene etal ia 

Hilt hn HUE 
Tey Eo" a ae 
ree a TET he 
anne Sil 
canna aa eee 
cae ee 
Sra A ei aE 
oo 
a o 
Sr bee ie 
cer eGiRe ae 


steel neue 


pee 


any 


ne 

pyee 

t4 ls Recetani 
beaedaubcs 


o 


bieas 


Bab tee 
PRN est 


wap 


Bah 
Sree ESeM Raper rege 
BE 
4 a 


Ba. 
ewe 


reer 
ie 
‘ 


see aRt! 
Sctesre 
= 

a 

t 


= 
E 
Ht 


Rane 
i? 


at 
mire 
pit 
pS 
Easy 
ae 


i 
sabe 
Saad 
Bare 
Ate 


eH 
Rod 
bam? 
tad 


~ KQRGEr B RaecHe LO’ 


aX 10 IMcHES avesiwany cr FS 
Preven veer womeman vemeenenete wmnet "Sait 12 ee CH sie 35 em ae ae eee tees Se Pe td aan Saag Pam a, 


eet 


a 


ar 


rages ace 
Epa paces 
. court poaae Sones 
Ege do] SEE bey 


fae coe 


ieee 


: 


ae Hi ane : 
nee i tel AU a aS a. ni si pea ba oe 
ieee ett enss sisi fin bed ilo! Pegi: Ha ‘ AS side 


oe eae Se 
i Ft itt! 4 Bia Ne ae g i ae 
a oe a oo. 
ee sae ae ol 


t 
BETH 


x :@ & 
i 

eat 
- D “~ ReNREEY & ROSES Cu! 

= eX 2 Ko INcHES ave eves 

primey panes Paneth Comm ‘om CONNEC 1 GACH Sm 25 ees oan eae ae twa ae ae eae ae eae feaersnga 
ae 
we < ty Ber aconieet itd Babar ome: aa 


Vio 


OF VORB 6 SANVUDH 


ee 


: ET apps YOM pray! O!, Seaeneeiesl pf wnetrones ceenewe 
S 


eT FR RTA FTE 


iti 


HH Bt 


beg us|: Rab ieee eel | ae 
BO or ee gs eve rere cee 


LD: 


Hy 
seetsbi 
tye 

HS 

3 

33 


tf 
3 
{ 


se aE IE 
Hi 
li 


litt 
i 


FH 
i 


Hani thie 
ae 
Hii 

RUTHER 


eRe Be e528 


LEE L EEE 


Fe 
iH 

Le ae 
een ice 


HEHE 


fe SAH 
fee 
atl 
Hee 
é 
ETERS THT 


r 
H 


a 
i 


az 
5 


TY 


Te 
ae 
ithe 


3 
£ 


seage 


t bes 


ti? 
5 


ARH te 
HET 
ee 
frag geitadi 


iit 
i 
f ij 
: 


PH 


Hii esi pitta 


a 
cE 
ate 


feaitet 
i 
HST 


seas 


Tad 
tf 


ea 
= 


i 


Te 


i 


HEAL 


ui 
sae aut et 
a 
a 
Fil 


2 
ite had 
ae 


Hi 
iti 
: Hitt 
HiT iis indies 


Sr dese 


aytace 


1 
tt 


8 


EA RAR Reig 


eee 
Aree an Ee 


eR bee 


ait 
Bits 
7 
pathy rH 


GGICaS SHE HAT 


feu Hs Se TE 
oe 


3 
ret 


$ 
i 
au 
afer 
ees 
en 


Bilis 
nati 
gi 
A xt oF ili 
a 
ih 


tu gee 
ares 


} 

4s re ee bed 
rt IE t i 353 
He pee ee ae a 
EPU TG 


en eae 
oa 
me 
ia 
secu? 
4 
a 
pith 
TH 
+i . 4+ rrr 
a pepcte 
ht itt | ti 
zi +e oer gad 
Vedodoes rf boos 
esas Came eee bees 


sie tie 


| 


on 
2 aia 
ee 


ea a 


Bie 
es ie S03 at 
PETE Shee 


¢ cat acters 
i ee a 
thet +h ween 
mrp ty: eS 
Be 
Het aa 
yt sans (34 . 
pereet 
Macrae) aging a 
ue [phe teens 


* ee 
H 
ea 


ot 
tte 


if Hh Wit HT soe 
ast ites ‘ 
H 
wd 
aes fe : 
t 
ri 
vai 


es 


‘ 
: 
Vt. 
heey 
: 


a 


ay of SG Sone 
owes eee 
pes pri 
ps Sore 


Zhe 


a 
Thy 
ae fi 
SAR 
nn dee NC 
Sensis 
Mt if iff : By 
Z i i ale ea : 
ae Lae Ewe au ofa eeeeo 
re Re re ce es a SRA 
2 AA Ga a cae 
a a 
aa em 
a hh Geen 
a eee 
Sanne Lae Malena Mero nea 
see ae LL oe 
Hii MH] a A BEET 


oe 
ae 
ie 
Fi eee LU 


is 
cea 


iS 
fal ee 


262 2Ee: 


ens riessise 


7 cae ae i fone ea Ere er HEE 
atoe SEE: sees peseaudaein He Se a etree SS ane ee fitiste Hoa eee 
ra 2 ce me “ ~ 
eo age Sueeee... tee amen oF! yr meas $8 Rata ad ee | - =—_ hee 


- 


TE a ONG eat? CU SNUKESTT hy el na RS MRM AD cae eR KORN 


é 
ava 
i 


- 


iste 
‘ 


pret 


‘ 
i) 


Te 
wage 
8 ie 

=> 


gat 


Liged ni 
fates 
Hap Sarg 

at 


e 
Pails 
abdaade . 

«|e 

+ 


abies 
Pa 
ae 


af 


pe 
L 


ene 


bo. 
beet 


rf 
4 


aa 
aed 
eee 


iia 

PEs 

bert +4 

eit 
pat 

{ts 


iinet 
wed] one 


tee 


aie 
ae 
Ee 


for 
a 


+e 
Tat 
ateades 


a ge bed 
/ me , ees 
we a 


2 


aps ee Pe 
Epeph pete ety pees - 


is 
o 
ps: 
pest 
poe 
Fes 
pone 
pea 
pea 
pases 
oer; 
pees . 
ee 


mepe tit 
LG 


oe 
ila OS Te ek 
ae 


ee eae 
fae oe 


TR ee alan 

ee : ae 
2 Beg MG vee SET a rE Sea 
ee Sea eb gen ta eT 
Ce GG e eee gas | 

ERaie eed ceaddee ecevastaaceeadeeoazatael gets eesvePeee ata ed ceeteeced : Eebaahssatfneet ies 
Ce eee iat aes re 
SE ea a a Ha eame 3 
rc ee oe 7 

oo 


aT ee eeee LETT Se aread treat icarat 


oh Be Lk Ekokebublpdeakelaledhs inhelubeldededdlbadadbebed 


340] 
abe 
BE ost 
an n 
He 
aa tsts 


<oooe 


BEB +, 8, 


“N HGTUE, P RHAEY CS" 


o~ 


Cd a as Ceiid 8 Ge cael, Sabla, yc jm" 5 ili ee =— feel Ue Ole 
ee: ny 


Webel. 


igs cts A Wy besei bese : = és 
a aoa eee 
wa rate Ge ona ne er eeae 
ect IEA ate Gee at 
ee 
: Pose eS ae 

a sal en ee at ; 
f Bee ae ee He . 
| Ke 1g le et ete a a TE ie : 


ae ee ee ey Se 
3 ieee 
ee 
esr ae ae aan ae 
ee 


ae tuseaase seen 
- 
ey. ry 


Raa F AaECE Cu’ 
avweowhev @ 


3 xX 410 inpcHEe 
a enue mk ?E oauno Loman CH smetee| 3S Qa esa eae ome Eee ae Gama aa aaa Goat tenet 


i 
a 
t 
( 


tet . 

Lee td 
thy 

aaa 


ct 
a 


ei HE A a 

D } ¥ l 3 a i ee 

a igs he i. SEES 
ETH | eee ca . 
fai a i ea at . 


Ri ae EEE HB ME a 
t pele ce tage ad UTE AE EEE ee ee Les ee ee ad ine 
Eee eet Deine Hn Ee 

Erelnt AEE teint rela ne ote Hea 
li ee Hifi ee esa paeereate Eee ae ihe SES 


est sseese 


Fe BESer RTMPEEREE Ebencoeet fo BESSRTSE TGaE AH misiad 
Seat ae gneiss i SEH aH BY tse Br a FRU craay teats sisi ai! des BRlHtit = ae 
* bere ae 3 = pat ~ ed 
3 4% 
ct : 
- ~~ KEMbEEr BV Esean Cv 
2 Nee ora o; ax 10 InCcHES arouiw ney 6 
mt ee EGC ICH ett! SQ 8 meee eh 


Wahaus ater # 


oe Te 

‘Era at ih 
RATA 
He 


1 
4 


‘ it oe 7 
- tH 
ay et +442 
¢ steed 
me 
25 
it 
re 
4 
ig 
ae ¢ 


45r¢ 


tecede cof-e- 
ere a ° 
pas 
e~- 
~- 
mee 94 oer 


too 


Sreetiet 
ow a 
saapeddy 
Seay resis seca 
tytihiate | cee 
4 ‘eats 
a 
is 


be 


Ce 
ELIE 


ie 
— 


=e 
it 
ae 
Hl 
ey 
Zee s€ 


3 ae ae 
A Soe 
Ogee 
eT ae 
Se ees 
eae Span ees RT a a 
a oe: 
sss 
a ER eg 
ee ee 
3] GEE aM gee 
ee aie 


see 


f 


1 


Pokd £1 
fre 
SEE 
a4 

+ 
eae 
tir 
ht 
¢ 


t 


Hite = 
it 
% 
fit7. 


5 


Beet: aso 


esveqes: 

aeasane 

seastesass © 
Led 


e See na eee Au SU EEECUGEECHceeeAUUeee AEM eeeeAeeegeegEe eePHSeen ReeTPnTEN ePRTTTTTTes eon anna Eine! 
3 : Z @ Ss a | = gait 
3 2 Ranehar © geegu co | 
ee ae eee om cain mei9E inno lo asuuch maab2S2enmm een 0 meee nea =m lle 
| 
Rak. at 
s- e 


vu 
- 
= 
~s 
Gait ? 3558 TTT ry f = = Tt = 
. +p eet e a= 
EGET TE EN ee est sl ale eae ap 
o 7 H+ to i 
i +! it ny le Be ity ie LAS ra] :{ ae Heidt : Boas Sears hoses SOaEs bi a) 
WT : THE fey ted aes thee! = 
' { r - ST Bai oxing Ln € coat a 
‘9 . abs wv? + if ahs gat tt pose Pansies bay a OS SESS SESS 
i BAH Ste tee SEE ERE: 
; } ie “Prt ~~ 
tl on | : 
saat a moatapa S 
' ‘ ¥ ' “ isn Rabe 
. 7 + woe . 
¢ q ts 
HET ATS 
ba ee oe whe + 
| | tg vedas etaes 
MD tees sans ! tee 
Te prs pare ° x 
i oe Lit . 
ie a ea ane : 
= Sa 
Tvtts 1 : apa weft aeat ny a Gr nite Pe 
ee whet ant {., t tibgeer os otetsis = 
a 3 8S yess poses 7 ~e 
. oe : oH 
pie frets brent is reid r TGS ee ie 
7 aE Le a 
is iP eps ar abies : 
ee : = . ae Pa: “Petett i pet ay ezas s te pa regs! aire 
= te TT poner rapes telat: 
wets t wuts ft 
| PAH et TH Ede ay See ie eee fet 
ee ane fet : 
7 
as as iy ww 
1 e ay 
eu HEE 4° 
H! im 
pele 


ens ae a 


a Ea a 
SS a 
EB i alge ee eae tea ere en ett ee re an is ie 
i ee ee oS 
Na ee a ee ce | 
esr ne a A Gee ae 
2. a A A SST a eee 
2 ee ee ee a oo 
De SURG a 
SPE a en UR ee eta Cg SE CEST Er 


BEE Lohed o ebeannedad ese Senenase suet 
rae) 
oa Pd) st = 


r 
7 
me rt 
= bane ak sete 
pag Beane 
We viet 
i Sets 4 ee et 7 
Tt egue seons ganna a 
as 
cee Th 
eses fens 
“tt it aie ote aa 
° oat seed ret ont 
oe ry hiteete? SBE po neu paaes 


. 


ra 


KEHERES B BBetE CO aa 


pt ba be a xX 10 1McHEe myoe iv wey’ & 
R cuenent we enramrts 1Q A@NCH Gane | 3S ewe mee naena bo) Ras as ae aoeh Gumatj - ‘ 


cee ae : 
Se TH eae ee 
Es i AE uu 
a ea mI aocapee 
EST REL TILE 
iene TRIE ane ea 
ce cu EERSTE TE 
A jE 
HIDES 
rae te ae cee Shree. 
ae ETE Tee Ee Bot cle ie oleate MeL eer eg 
ats clebagd hades tases re 
ber es oo 
aa Bere FE 
ee Paneer 
ae eee ET ee ee a oe ote 
iS ae Sey ee See ESE 
2 Hl aan 
ne a Fale ua tan ie enenE 
Be ni ae Hat eee ean a Ls ca 
a creeeren neat feet aaa 
ee rite aie ia ee ee sue 1 Se eseuceunes scncagaces ss ; 
aaa — ee 


N 


Hepp aata 
se Set ons. wh ah 


. a 


gandeken seue r 
(= rH itil eRe 
nil j Hs 
: 
Hi , 
tt 
= whe * + 
ri 1 t + + t+ 1 
: aang Bepag Siege . 
at = nea Oe a a oprrerecenres nos eae pe i 9 
a i soot Sophie pues ab bert : pans OME Peogn eeu bopeT bon 
gf Mes Bn eee palscgads ' meen he on Baca : <qett 
i 
Tor on eas peves Been Pt apie aps peees bowed Bi aes Suess ress! 
t i pre ute 7 eS Cae t rev ttitap pishs cette 
Br ia iat Pre Ge tivoed te y el Gaey Ores! io Rega oor 
oan to ’ * rad . . ‘ oad a te + tale 4 . ++ * 
ve i . + oe 3+ + are 
; i 


2 - 
py Sarees 
rE tt epee 
+ . 


peers roe) 


: eeeee : 
coe mecT | iene fides (ts ya ae 
Ser ree Hit TERE bell eee a 
3 ABLE He ue Hi ee EE HE ee aan Aue Goa aay se ee 
igs Eee te esi eee ae Ee A Uti te ee i Ca a ENS NG He RE ed eee 
Jaen RTL UTTER ce Me 
ae TEA ER ETE eee a : | 
oe ae ti ee a aa 
pak Spare TT HEE 
pt Hau atl Tea HE 
ail ake Be HE Heal a HEE HHH 
L ae eee eee EEL ee cee: 
bt igsttae ease ad au Und ae eae 


oe ne 
a 


a =: 

rs Bs 
ery Rear 
eee . 
mn 


Hy 
Hts 
rir 


ange 
rt: 
Pa 
+ 


di 
; 


ait 


ease. 
BeBe 
1] 
+ 
nH 


eee 


7 eae 


tit} 

tory 
itty 
8 i 

eee s 

Onn OS: 

t4 46 
Sees es 
aa eee 


~~ + 
i 
KeNbhEr B Geead .u' t 
2 = a xX 10 INCHES aveuiu@ ey © + 
- ae pares RRAD — 1Q LQNRPACH See | 35 CRB aa = eae Nora so) Game ae aa eens am 
SSSI Bo edit Meet pea ie SiR ae UE oR ne asset 1. 


SHEP —> 


4 i : 


i : HH 4 FF tt re itt 
3s i bits ba: ove) 
aa ease ahi 
if 4 
Sri FB fi aeae: Ba ie a + HH Hie af a! 
Far pawen kad ot in: potter 


af 
Ee ti ciel 

erat tliat Hall Hae 
A 


AR ea 
Ea AL 
SR LT 


ot LTE nm 
Le GATT HH se A 
Hee eat 
aa rT 
SS a NG 
ia IMT 
ue sa AU TUN 
ail Tea Hage UTE up ela eh 
a ESI a Eee 
Oe aa eae 
eae Tea a ia a7 a 
ae : 
rai [ [cE nn a ee = = 
LAS Ga ee HED 
se RUE gt eM a 
See fa ee : 
3 x 


ae a 


Bet 
se 


Pieter ee a4 
py rey eats 
oS Pees 
ae Fane, +4 

3 


doreae 


4 
pS Se 


pre Pps 
. 
RES 


mens Re 


tge¢ 
fi : 
a ttt sUt tt 
eee : Sietec, rsa bac ty . 
° adeqer - etal ~ +f. tee 
Be per ad ams ~ ete ee aS 
pices tie reais eS 
fies 
EAE ie aes ge : 
herhtt os 
HE at : 
ret Taal Heald 
rer a tes! = e 
ro t pon Pee 
ba ie $4 - Ht a aa cae = 
i 
ryt 


ae a an 
HPS teat peel | 
| ae cog ae 
Eee a ate 
a . Le 


rot 


a 


BECEL 


ee 
oe 


t 
oS 
f 


= 


Ril 
oh 
eh 
a 


oC ae 
ocaaat 
Se 

ia 

Es Be 


See 
Sle 


S 
a 
asi tttes 
Hat 
ais: 
HH 


at San 
ae 
ct 
+4 
LE 
Nad 


tte titty 


vee 
126i 


18) 


MONBLEF F CWAaw Cw’ 


1O INGHE wou maa & 
ao = on Ke BA B19 CER oy somone 19S sence PED ) aes oa) Sen om ae feel — 


o 


ip @) 
cy 


CS" eed Cetera ensbapnaee tea ess 


ity FSeRE 
Betal canes 


RAHOM! OF RT 


.O7 Nee! @ IBWHUNY 


@ +1 fcaw 
ty 
i 


S 


o At 


ema gee eae mee os ees awa ee emery eames exmeme. SE femme HO kame! T © tana 


sa ress 


al 
ote the 
sean 


bed J | 
il: 


HRA Rt Ha 


2gn 
PRR EE w: Suen taswe btsas eaves 
if 


iit ili 
Sail 


gun 


ie 
Biiiia 


ani 
Hate 


i 
FE 
Hi 


: 


i 
ETT 
PEE 


ine 
eee 


ee 


say 8 eg ag 
jeegess 
a a. 


at 
eT ET ee 


i 
a 


Vad 


Ht 

HH 

E 
RESTS 


iat 


‘ 
: 


TEE 
it: 


: 
HRA 
TEL aE 


Hy 
ll 
i 
fii 


ni 
Tate 

All 

LE 


GELS 


Fer TTR 
as 


STUER Le Gl 


uel 

HEE 
HE 
BiH 


ic 


it 
if 


i 


ihe 


S 
ce 
Hine 


aE 
AEA HR 
ie 


see nat hme det ow 


Fil i i 
ri 

2 

1] 
' ma rgia 
PRY ps 
2 PER REE 


pa 

Bias pee ee Gee 
kod re nedaa rere 
reat it‘ 
it 
neds ¥ } 


Tee enn 
Ha eetitea ee 


fe 
ue eta 
i 


by 


ARLE 


Sy 
HN 
ry 
pity 


rH 


se ee UT 


FR 
iil 


iti ari aid 
Hel an na 
i Mist: 


anes 


a paces 
eee 6. pepe. 


We Aiomaatarinvmuinsie, ee is we 


Pa ERwee pervs Pepe ar ° 
PT eee PORES Bowes * 
tease lemeede tees 
. Pees Saree ree 

wae vee pear sae +. cai ao 
‘ pal i mane Orie oe ’ 
4 of fee bate 
tr 


t Pr fae it Tren pay afgt ial = a 
bats a as os ieee sees ates 
. S pee seer rE 
x teeth ; aot 
eee Ce EE eat ane : 
+ e. reer fe pie [peer e (aay tears 
if poke a 
seat < 4Tf 
Tit 
42 


oe 
aL 


He ALTIMETER 
at Ma 

sae a e ; 
EE A Ge : ee 
eG aa em SELL aes 
a Fa ea eee 
Ce ne ee 
2 eG uaa ane 
Pee a i ALE Gu AR RTC gATE Punta 


ES a : 
| 


a 


ae a 


i 


are 


a 


OTHE ss PRE Ee dat Ae sent eM Et eee cial 
IEEE SEE Ler CES an LATE sant see SHEE HHH 
vy 3 = x 
= KANBROS O Beedu Cu’ 
Pe ae, ee  mammfke Fb Sie cyan") 5 com cane conan Cs ee pee 


ae 


per 
ais 


gee 
2 :f = : 7 
> ‘ tot tt tt +? aS paris rac i 4 NN 
Hh Pooiy roass o 2 
feet STE = eR UCIT Sas ryt Bip aed bares 
ee 5 tet abe Sriod L pote bot wee 
— sO] Tt Spe 
is ales ie: ba + a ae pee 
be ve 
wee 


ae 

uy ve 

tees 
Tae 


ee an cone ae =r 
i SSG. He Pee 
: cea cea ee Fa ae 
Pe ae 
ee a. oe 
oe Ce ee Rigo ay oe 
ae 
Ce 
a bak 
igh 


FILES 


it 


i 
oe 
ae 


i! 


ty 


eee 
eR a 
ut i Sa Ean He Pre a 


ae 
7 
EUs 


=e 
a 
ce 
= 
ee 
ia 
a 
Be 


Hie! eee Ast ae Ee teen Sr i ead eee Baia Peretti a 
wigbems ia ER EE HEE BH HE Ee Fe bese te eae HIRE PETE aH aH fe ees begscsssscenssesee eee 
"S23 ° Pee : . : | 


Hrds is ATW Ft 


‘ 2X ty IMCHES 
4 em am Cae gunk<*E anaatc 10MM CH SA 3S eae bed EE eo a] aaa pened tees Koonmetie Coreen 


SARS the 


7” 


T_ {G4lry 4 


Cian 
HEUST 


HEY 


FE 


eH 
: 


: 


esHouleorxe 


OD NVOOS & IBAGURN 


aa 


HEEIRR RBS HF aoe ee eg ey BE es eee 
Peps ecetytecsu seat eH aT Se Spas ass eta ees eee ie 
i Satie tae Ee eabel evra Pe ng eet 
ieee ee gaat goles ct eu ent 
STH ISES! Bizd fesse Siete} ¢ iaosd bessi sdssz é 
Saini aera: ae oe Gay Se ses tes eee er 
i Hida iates eset ntact aint He 3 nial Mis tetas sess! east 
aru 3 as = Hit 2 a3 soowe 
pects pest anneaee eet tes gee Ge Rin Hire pl rete Ge 
iE atin pepe Sige ases fefe sams Oa feet faz ere eats OP Eeet rec ee 
| rept geese reoetazess pooped bana guneearone ss 22 Bi enna fo vases sabes teved est Hi a 
s oT oe srs cahes ss aoe * 
Se Peerage ees epete eget Sr ee opend= peep dee oe 
PH : yeeged sovstsvedt aoe gies fede cul tears obese Sioa Sat Gene ea este ; 
zene a SEES Soul EST Sots Teast seas izasseens coeed etees teen eess Setereeass Ae : 
| RSHen ete: Papin BETES Tin Bir Oe Saari #Paumese : 
x : tee cretsnetats Seoes rang creed cust este cates concstemm : : 
6 H He : Epes Fees Flees ELE eee : 
vw Suiseteneysscesreresset Sosas seers press pesssssets ese ae oe Ha 
Ssteuiste fetsinnensrarst ian Figestesraeemstgret i : SH 
seue s52 c7 rf Fi a: iraes Sjeseasseses fsoe i HH 
Biinies tise eoast iar pgtet seas Bettie 
Seta eed a 
itt Bo 
Feet 
eee 


i 


SNe 
cee 


Re 


rece ae ae Ee EH 


Sete MU LanlT aha 


Pra 


i 
a He 
Ee 


a 
a2 
33 


LB 
i 
ea ae 
: escneehss ie ite 
HEEL PSS TLS id 


eae 
i 


be 


ieee 


eine lis UB 


EE Ht 
Pat HeEH PEE 


Si 
fi. 
Hea) 


ae 
aera Au 


an 
Breeet eerie 
RSH HE 


Sed 
ca BSH: HH 
- Y 
a a" nenaa rr 
iS ry ti 3 
2 Sty <e08 
ry ry Sa 8 Reee 
ews s > 
SONd Va Cae: 


Hien ier 


SE 
Petal trate 


tt 
TH iad RARE 
is 
He 
E 


StH EE 


NaH 
seis 


Hi 


E 
HH 
Bit 


price 
tise 


tit 
ho 


Fj 
ta 


He era 
See 
et 


tH 


BHT 


—_— Se mut se BE Hone br 0 ST 


a 
| 
Bi 
one 
cs 
PERF Lae 


aes 


HE 
oa 
} 


if i 
asani sbSGd dds 
Le pee w: Bepe Pezae cones 
H SELIG TE. 
itt iets | FPA 
eg Soe e0 6629¢ Frans nnen: ae 
H ey absc abatd pobea bop iH * 
1] dae 4 
+4 2 GEG reas oy 


+ rte +4 
IBS TERT z 
paaes rE: 
ees pay 
ry ya 
& ebirthd 44y 4 
pes ress 
PH+-t! 


bop. -+- < 
“bee u 
sah zs 
a we ee aE HH 
rt T 7 TI 
pre ol Oe ++ one 
t -t +f, bb ege : 
Os Fe eee Cleese ew 


Ge ai a gra TASER 
Hire eel iad 


Eg ee feel eee ae ant ee an en 


seasseseg 
is 


eae HERR 
apareriaiti 


ee 


Pee ae He 
a 


Snuaiige aie sittin 


oe e ge ‘eeu oe 
ETE | ee Ae - 


ae dere ve nnine 

ae ee 
2... eb a a 
ol eee eee 
eae iB att ee ee He 


ee 
a 


a 


Rusee 
pr | 
> 
er 8 


ee 
F 
4 ’ pps 
tt 2 se es 
= t 
pick on Saat 
oy DEANS PRCLSS ean 
HHP fat 
seek ey pee nt ' 
ra Bene as ada 
= ae OTS HERE 
a 7 NE 
Saeed Seute edi: 
pedied ee ee 
nee 


Teor 
ceeas 


a 
sas is 
ate 
oc 
EE 


aeheece 


Shaul 


ae aera 


bai Heb HH fae EE esi ilice ae 
a Hee actly C aaa “he 
aun abn pase ae 

ue ina Hi Ee 


SCCCE 


s * 
sree 
a 
uae 
paary Somes oe 
ar 
Sens aba abe 


5 


Dae patch 
ee hil 


Saiittessdi hg pete 
sat Mra Ga ites 
4 ~ 


EPs veel 
nn 
ie Hell 


Hise 
cH 
BL 
a: 
i 
zh 
me 
a 
Re 


HE 
if 


2 
LE 


ate 
eanuReacet 


fe 
ca 


Pras Gana 
POSS BESes 
pears Saupe 
jn sa - baad 
am i or 
s goede r pale 
HH bebaigee A $50 
) A J coal 
Bas F 7-- $44 rs 
2 as yt beeiaee Benen 3 
ean Oe hs eee, aa: 
i ae Sarees a Bree btoes 
: M oe pe at ins, 
A By BESas ba Bos 
Bros paws “4 
en raeey bana tote 
——-—--4 — o; Pewes rE 
peas Brews © ota . 


1 


ae 
= 


baz 
ae 


Sua 


prow 
Spe 


HEL 
iid 


one 4 


a 
ri 
we 


feats 


i 
ty 

. 
tT 
af 
‘ 

ue ey 


acs 


HARE Hai 


re 
pigs eee 

ori 

ee 


i 
it 


4s 


HO acnl O1 eS — 
” @BHOUMI Or xT a | 


‘OD AFVAW SD IBWWUAN 


eee a Hg 


EMER 


> vi 
Hee Th 
; 
ae 


thd hee +, 


HUE 
ae 


Seer 3 
ee 
it 


it 
is 

aan 

r44 
sini 
fsscs 
ited 


. 
cies 
i 


coe eee 


$3 
webwknaee, 


oo fala eee 
Sppctetepeet ee are a fe es ie [eae 
aut He pe acetic : i i eee eee a BIE! 
2... 


tif ve 
lay Raed bias aoe 
a 


ee ve 
ii 


ir 
pen aya 
2 - 4 fans ttf t 
+ ates - i T ms 
' teaebh oa ee 4 
tq i fiape vt t 0 
i! Hi oa ae 
itpittt 
babed bbe nee 


SH 
suena iz i 
pees fon oe Ty 
1 4 eb btara dn 4 bbe Lf 
: ite ii Sr Hts 
r Head 
Hy Poae RESDES itd +4 


- : He ili L 
| 
Eso pe Ho THERES 
SEE Ee en 
8 eceeereea 
Le 
Ser es ene a ae 2 abe ibaa [LEHI 
Hen eee! ES te ee ee PRESET [ay 
8 ees 

‘RH uit ae a HE aE be ' , 


20 # 


Pay Dose} arm Bs] ERA ‘egeareee embes exes: psec nema, wasn € ft 
er | 


s 


‘ 
fa 


a 
ears 


eres an 
cs cee 


SHP 


AOL OO 


bs 
‘ 3 
es 7 
a 
a peo + 
Troe rts 


(f° 
- 


tyepe 


bed 


aa ee a oe Eee aeee Ts 
oo. ‘BIG ian a NC Wing UST peat tal 
a LULL 
ea PR i aa il ea eee a a a 
EE a Ue a RT ere SE 
Healt a HE natin ae Shee beep eee ce Ee ee 
Se : 


7 
tivases 
ttt 
ae 


if tes 
eS ae Ha saga 
a | ae a oes 
Sef ao el ate eee EE EHH a ae Ese SHEE eile ad 
He Sse ees ee Hee Sreeeeen Tee nH HE 
eld eget ESE ee ES EEE SHEL SBE cere rH! cee fad © 
Hit bet Hee ee |. EH fel Pea EET 
Hin aa TREES canals Laan Uh ae TE uti pH = aoe 
HEE ues Eu teagegeuey ea eet Eee ae oe eeu Te AEE ater 
SES saa ear ect SSHcseeeeueeeeeieieePetneeH eteqriit 
® 3 S 
. £. ¢ 8 = 
poaeg RANBOAST & Keen ca° 
pal’ a i ove ees - 10 LA cH —j 2 = onary mens TD De) aD are em en [os 


~oR 


{RISIHE NTRS ENT 335 
t prreer | an 


L 


bee hL Peed 


tage hi 
oy ES 
Pe Hii 


rite He 
aati 


Sag eels 
sae a 


Anta 


it 


sae 
Pea 


yi 
HARI 
senna nS 


EEE and EE eg a 


i 


iH 


IEEE 
LA 
FERIA WAH 


a : 
a 


To ae 
Rese diag snemidess 


a St eee 
ee a it 4 33 a rr # = i 


HIB E T 


TRH RE RS 


= 
ious 
el 
aa 
Sees ag =6 
J rus ES 3 a 
: eed at Sele Spee ae are fey? 
Het gots ie Sofa baa BED’ 
Satna Saae i 


cece 
bi bs H bh it 
Fela ead enter) a 
psp. aay Teeae ces a REE Be 
+ ' ' ‘ 4 t fe 
Teygeire ot eet 
1} 
i 


a 
RA 
aN 

ak 


+ Pe Pe esi 
Ba aT Re! 


EauRe aa 


Ss 
Stee elie 
RS TH 


aoe 


Bua 


ae i 
i: 


: 


y = Fe! pa 
oH | 
Sesst 


a ae 
ire i 


PRAT BUA 


nasve 


rer 
rH 

foe 

ARG TREN 
see 
eee 
LUN] 


+4 
wae 


3 se 


ath 
ae 
Sv ee ee eye 


i 
a 


ei ieesaes 
SASS Tae ae 


fe ne ei eas ete 


N et 
Aes 
Rica 
en tN 
bees as 


BE 
“pap 
Hy f 


ne 
pil 
Littell? 


Ht 


As 
fs REN ces 
#3 


ahas 
| a 
a5 


5B ahh 


= 
Tpit ft. Ct NO 
4 renee Ad x 
Gant tae 3 
or > ge = pie ated te 
tana ener ave Bs ee re ’ 
bgaag Migerd Redes $Ooee gheos 
rh cath pmeoe Gaede 
poy A 
+ he 
beeps 
es Soon 


~ 


Hd 
He 
Hi 


ia 
ie 


Hy 

He 
Hee 
8 it 
HAT sty 
pas 


gas is 
if 


ae 
HH Hl Hi 


fetta ea 


+b 
+ 


7 
- — 44+ a 
be wind EnOad Oma ee ry sta rh 


sir 
a adr 
+ pa + Le Peers 
ie}, ms s vag d gape ‘ 

©. eae Bes eases rt qe Seek eis . 
= eee seene 8 HH map a cePags ren sg 3 
Fs ees reese: nuagas re TE 7 ase Sy oeEEs span 
50 Geen s Garune 2 nant pee 8 iy Ie Fr s 
ang parccra Getal ps 1 Bow TH ALB q a 
PG Seay SF TE 

Thee 

7 to f-- 

hy Beerane) page 

Pd Pees Wed 

oboe 4 
Pes Ishi: 
Bes rEg EXKEe 
Pe Amen See 


pe 
obey 
ekebos 
ve a 
iar Capen’ 
rae Sars 
apoegel: 
ace ps 
tr 
a 


Lt 
i a 
£ ease HH 4 rt pit Zu 
} tytt} ri ttya tt t 
epar.ge: tt ‘ : {ook * ee 
Tardeee tf Hi H Ey Hj SY PU ppp epee 
Tae tste H i iH 35) 00598 590 0s beens Coees Grae’ SEs RES f 
abcd begeats oe 4 tbe ts | a : 
aoe 


iO IS eee: 


T 


Page part 


Tee te 


meta 


be 
bi MBI 


fi 


Ce) ae) 


£ 


Hi 
aa 


poms pornos 


a 


~_ 
a 


ee Ar 


| UGG 


ae 


oe 


it 
Hl 


HUBBELL 
i 
ETE 


ane 


PtH 


aa aa 
a i int 
PSUR ET eG He 
ee 
i 


ali 
fa 
Rea 


BARBI 


HUB 


TS 
HIREE 


OD NBER S INVASH 


fi 


3 


age 
eo ry 2 eden 
i ii siti! 
. 
+H ¢ 2 } 
tie i 
iy ‘ 
‘ . 
1 
ae os 
1F PY 


iit tae 
if 


Ht 


es 
nee 


fi 
; 
faslnin 


seer a EER 


i ah 
4a 


29Gne saa re ees: 


a 

#213 
Ht 
535 


ce Ht See Panee 
oe eee 


Eiieeijanitiig ugeeee 
Piaeinigitt na 


: 
8 
rf 


rt 
a ne 


eee 


re ‘sx 
+ 
ee 
hed 
pa ery s aoe 
i bee bd Savas ea 
atered 4 
oS SESS ; Leas 
4 beh omen ae 
. beep be + 
t ty 
Pe PECSs Ferre > 


@ P He 
ona ree ry oe 
ae TE 
fs uh , 
ry ae rai 
i Pee tote : 
r}+7 - +t ¥ rt 
FW age 
oy Sa 4 
‘ -83 Pls 
: 
+ ehed ge at a 
Titer prt a 
gauss as: Hee $i pag Fy rf + as 
"es + 350 D3 . 
roa babe: THe rH rel 
ap orte thee + t 
= oe wa 


say ttt 
im pa 84 ave 
oe a eure Peaer 
ne ae yes 
aot tet! 
a beows 
+ eog s bet We 
peas swe 
? ss st 
rat ° 
aTrifetes 
eave paw 
emeres ey 
ware 9 lpere 
3 


_ 

iti 
Se alta Ba a 
ELT EEE 


at ee fae 
of a ona 


SOC’ SOC? S000 fee 


1 
went Saree ae be] a os) Ds) Lc] Ds | Es] eam! Seton 
f es Uni S0An 


£ 


VWUEH 


‘O08 RxOOR 6 IB’ 


pan, 5 


2 mo : eee ae ees eo . : s _ ' = . ideal A tI Os Eo a Ns NT TE ay Bet ¥ ay 
bila ) 
eh o£ qa aa Bas eae eae fey er Hani "or? 
—— ree comme ea enn “mono xe Se- 
{ 


See ea 


& 
F} 


tH 
2 


i 


Roa 
aenes 
hth 
aeant 
stess 
ae 

wares * 
See 
cave 

reesy 
roars 
Pretty 
ousge 

enane s: 
oesee 
Hie 
sanea 

® 

es 


HS eu UU Bierce 
Bie 
i 


eeuazcen 
on 


3s iocoeSSoeg ekeen fs rsebiyedl! : 
: Soe eas er eae t eececascr 
He Athi its cbt that ee 
i+ 33 id tH aoe . 


fi 
i 


Spey Eee 


e 


Pee ESB 


|RSS ed ee cee irel tat 


Eatin 


33 
re 


es + 


Pa 


Ene ene 


ne 


Hy sstees 


IG 


o 
r] : a 
een 
+ ode 
ebpake -o ee 
woegperes wer 
seoes ~ ee 
oe abe ° spe 
w= be 
e ° a Sore 
2% - r3 +4 
a 
: oy 
wbbade. ~o ¢ * 
o ae oy 
s 
. 
« 
we = 
e eee 
« 
. 


cepegsces csc 
Eerie 


2 S - zone 


one OE GEST 


c Sac gee rO€ 


ta 


wy ses ae 
®. 
if <e* 69 ads -' 
ome Wee a -c8 
+ 


to reas 
es | e 
irae otty 
Hi Hee eal Fay 
PRLER EEe . 
+d 
4 BJ iy ua 


= 
tie 1 
ages + 
aie tet pith 
! elistice: 
yest 
Bae: 
ote eithen 
yee ot ‘ 
fide bo od Te 
ead bdndebe 
thee 
Ae ede 


aati TEs rrr it 
PEP RL) 
tritiried 
Bi 
cae 


i 


SHE Hil 


hal seal 


sR EN RIN 
Hinabiiialll 


iy en 
yesh 
Fras 


ws. 


tf 


a+ 


aoa 


el Bate 


tS are Fan an an 


eo i“! 
oe pera , 
ebdy . 
apeels 
. at 
° bad ay oe es 
te 
« oe 
Meee i 


tity 
o4 — '¢ 
eae 
ute TE 
DSU TN 
wl M + ¢ rt 
SRN TTHUERES 


x | on rr +. 
sitet 
nae 4 Fi thease 
“4 ‘ pe ¢ » 
hi 
os on vee Rew} 
Tarp e be 
er aed dbre) 


pa ire 
a 
i 
i 
eESaas 4 
oree dads of Pa 
wed Bo dee Ben pees poss 
vy ie 7 
eee bone 8 54 ya ae ere 
77 papa re pe 
as SauGe Faas! = 
peeld appro 
+ are 
rogers oa te 
re aaah 
bos oe dy 


E+ 
ene se HY re 
pees were 
reese Sas 

ae os . ae 

ap BONSS Pere Oearw 

a! wet pet Pp 

eh peepee Eee 

ponies 5 Sgnee San vr 

es Sew ’ - eb 


net 


ora ve 
th 

tt 
a4yt 
> 


LI 


nu eet 


8 
. Bb tee Py if 
tre ae 4 th 
itgoe caste rel Me 
eee tbe 
: i 
+ a 
t = 
+t 
tt 


Peae poy . 7 
tte ~ bet par 
ST AF 
sae je odie iit,. 
TPE epost beet sear 
aa beae ne 
BSS PSSST ELTSs SIE 
a 
tt 


Tea rahe 
hy dat 
$44 Bg 

= ? 

eda 

Looe 

ahh 

S 


EER 
es a sbgus ecnvessrs sae! 
Eee teeeenl uneeee STINT 
atta 


Hey Ue Sat 
bb 


: 
eae 
4 
2 
ian 
soes 


ry 
a 
ane 
2 
Pe: 
+ 
. apeue 
Bs 
i 
' . u. 
+d tit 
Patt 
thy 
Hitt 


HTH 
Bt 
bee 
Tet t 
Sed: 
wire 
fae 
Lid 
abe 
Vb 
Rate 
ai 
ee 


RETA 


tt 


& 
1 1 
megs 068 


E 
ae Ly 
e 

pass 

ade 

a 


ee 
sbets¥Gpeyd dees vaceee Reees snees SERS Seege Peres ere 


Ha 


AR ene aed eee Cee Pet Hie Sater er 


SEE ee eee ee eae acti ee deo 
a cS He i ee Site ee tee ee 
ee ee 


puis 


Te ee Sea 


a Sanne 
Boe a He eet gis ai een ee 


AE a. 
. jee pn a. 
ee ee Siete 
SE L. 


eae 
Hee 


sheentiireits 
HittH egies 
es see - az aaa 
a 
ERIE oe 
Hianiniiaes eae a ee 
Hu = 

g 
Ww 
= 


wENRLEr © Keees CU 
aX 1G Incuge 
, cs senathanel Lc cenesieinal wremerne 


Ens 10 TadSekiACH meee 13 Seem woe — = oe eee eS os) aes Eker 5 aes 
BD sade 


puaeieess 


ta sae 


oe 


t 
+) 
SA) 


i 
ae 


au Jaaee 


ner ehiatih falta a eee 
ae oo 
ERT RC ena t 


ee i 

Elita NR IG a Hae 

He  . Be te 
: ig gt Sane ie eae Hela ae i 
PAM Eee eel init a 


Haale co E a 


: neeaneiuint 
a a ae 


ee 


Ras 
BY ‘ow! le 
4+ 
a ( tt 7 
tee J 
tht fs 
t+ 
‘ 


tt 


Jig te 


ian 
wer 
a 
nee aa 
macht z 
ys 3 
; a En 
oes Rates bi 
t 23 dieisiistitaperratl Hi 
z ei Bad annes san q 
f 


et eee Bs 
cae: Pe eee 
o be + rt 
tt + + 4 
4 ops 
oe 
ae on am 


em 
: 
? 
i 
ME tts 
ty 
pees fare: 
wigs 
TIT ty 
by tht ds 
ages 
ats 
Pay 
tet 


Te ee 
meee iinet ise rime ete 
eed 


HOS TSO, O 
Soul or X och 


OF NASER 6 JBNLIwH 


Cs] ce aaa) enema rasan ena wap nna pera — wee SE cf saan 


raugeent 
ane 


ese 

as 

a 
S Errd} 
eee) naar 
oe : 
€ ge 8 
A Hy RBar ve eee; 
«@Pu, aepe 
LA ded 


Y aha 


HH 
HEA 
HH 
ana 
Siva lastest 
PHT 
Bit 


it 


anes reaas BERBES BORED 
: Reees Beunnee 


li 
Be 
i 


i 

a 

ATE 
saSLLRITARE 


at 


eee atue eee UU ERE 
a intent 
Ha 
a 


LE LE eT 
Hi 


i 
As 


A 
LH 
i 


al 


EReeT aT ae 
in 
if 


i 
‘ 
aaa 


a 
+ 
as iJ 
s 
jaaee 8: SOFT RSSAR 
s EBAes 


{anime mene z eet 
SeGooeo Sees 


ii 
rit] 
z 


Beat MRR putt 
a 
Hi 


re Te 


: 

ih 
Hb 
ih 
i 
Hl 


fir tien tbe 
Pte ER at ee 
i 
it 


a 
: 


Peli ieel lin el 


ar 
: ei 
Rae 
au 
it 


Ht 
a 
fesse 
ret 
He 
tt 
a 

H 


Hi 


He 


sea aD 
Hi 


ai 


cet 
cece 


a Se 
seas hanes pene mes 


tinal 
HuB ay 
HE 


Poaceae et 
SELES 
ee 


tne iets 
HEH 


sprees 
Lt e 
eaaae 


ry 
td 
a 


Tae mea ga 


ones 
apres 


th 
neh ate 


_ i 
ea 


PERE Eu Ee reetivee eet 


Pe rH EH fi 

Ee eee ee et eee ee et re et ae 

coat ee eee ime 

- EH 
a 2 Hitt eetee 


ia 


aoe ee 
atte 


Heed Hate A 
ane +H Heiigute: ane 
Haaege seecebesseins : 


26 a Papua 


Bent 
eat 1 


ff pe cepa b 4 
ites {eta 


ett 


w# 
EQ Be] Pos 5) ea way warm wae, repttictes emo eames many SE lores HOWeTewT OF 


at Sean 


oe 4.08 


e2zHovi ore ae 
7 


OD BBBEN 4 IBHQUBHN 


nt 
Ht 
due 
Prt y-I 


EAB 


HEE 
iti 


a 
HR 

[Ha ERI 
ar 
eel 
Tp 


e 
S500 CESts s9UER FEPES 


iene cae Eee bead Db eps te | eS eye 
Hee ire Fee Pig aes ory oc a oer 
nee ee sO eso ee Smee ee 
see Sle is eee es Ge cee ee 
ia iaa ate ea be eet aL ie 
Pepi Sees Sfobee pees 
eae case eeas jeeeee 
ie = 


RE 


iii 
itt 
itt 


ea a 


&c 


s2euteenes 


HEE 


F 
5 


eee EN 


suse 
seuss 


stil 


ese it 
| = 
a 
3 eefe—— 
+ thetee 
ody i} 
Iw 


HH 
igs 


arti LL 
: 
LR 


bist 


i i 
fe 
ay 
Hi 
ty 
mi] 


Bul 
a 
ie HEE 


. 
gt 

: top 

eqt 


LEE 
H ai ‘ eee om 
UE hats t 
} LoS 68 BOERS CN Ses ETRE 
i: ry ‘ ye 
req ebeky sleeded 
ers tren TeLipts 
33 Sarees Shee cheats 
r 1 ‘ 
iqay] aaa y 
' 


Hadar He 
ir} 
ial 


as 
se Ps itoe~ 34 bit.td 
ee 


Pee Set 


: 

id 
a nearna Pa 
tty ite Rise 
tty BEER 


i 


rtd | 
ARIE Ce 
SRE 


a 
sf 


i 


= ttt 
SR ETE! 


| 
4 


ty] tt, 
rere ree 
f poe By 
t cs t 
° Pay - pas t- gad re ey ay Pars 4 
eet bege slope } a eal 3 ay : 4 ‘ 
teeh ogee ay t et “ye tte 
2 are) paca Peer! wane ef Tee CSTE! ee GESa tdep dag 
wT okeheh t t peey i * Pe yrd ’ 
rage teoe vat Wn es tf ‘ ‘ 
eR Sore Bey ee Fee abe bTPth 
Toho Ty aay ee : Che eP)e N 
ate. . fe Si flee if te . 
tety t. ‘% at Oe bee npeee bleed 
eek res Cie He ‘ il 
ee Vas. rae ahetedbey! as ¢ 
“Py, what 2 eT END 4 
‘ i eet etthattlite 
144 ved 
id 1S oars * das t+} 
55 1 ry Hy . TT t ? 
aoa Buea 4 merres ¢ ‘ 
tan : t t 
aye seSzice * nha + r 
B4 sbyseseunn as: r H 
pa i 
yes 
aan 


IefgteE OEP isc eet sen vey 


mand 
ae 


+ Peewee pyre eg & 
Ty abe be 
ty pa a at 
pa 2 rhs i3Se5 Bangs Sas 
F tT} LarpRpe Sp RL eae 
rob ft prepeett : + 
} ry rst ig pega Ba i pases Seges 
teft tr 
z fe Bt HH : 


Sea Pa, 


He = : 
tesdt: Ta peepee BA 
8 af it * ; : ‘ is mds 
Se, Ma ots 
ages Itt oH | ry teiebtede a bana airs i 
pee He Ie | ees tape decal a 
HT 3 Es tontdccs 4 2 tH ttige ; 


i ars oe as Pee 
sede + t oo } 4 
i eae eat 3 tT 
: : i 
sen H 4 H Hebra faa pict. 
gegnae J me Fees coped Saeeeca 
sande tr} aad r tH be MS bo be ht 
RTH HH seutest hep ihe 
oa 114 HH i ; 
Hitt} 35 
= , i ‘ 
‘ } ae « t 


armas wee 
HE ey 
oars ry 
+) 
Cy 


rae eae 
ee Ha] 
tt + tt 
ran oF T 
ses 


Hania 
padea Ll = +f 


Heya wes! seth te x 


icf Ibs 4 


G. OF A 
ryeusT Ee paar ec lege aa imeem are cmp [orate pene 
Sia au et ater ar ane oe ee oe is ne See 
Pia ci itabredl ale apt Siete tel spe ebsn| ste etait perience 
EE ee get eee tee rl tm ee en ed eee eet ee eee eee eee 
EEE reel eae ese eee ea Be ee ere 
ee 
i bapteiainne ee Es Ea epee ei ee 
ee eee 
eee ee OR eee 
Hees eee et te eg rae eee ee ee 
ee eae pH ec Te Sa WO eer 
| Gee faba Sed [Ed alah Jee dae 
He citi saree ¢ ie fe en ea ct ene Ba og cece re ae eee pT 
ee ieee Ges a ole eee 
Go Heyee aes ft orth des pee ae ee 
Hie ange ital geet aie Fee ae bee eee ee ae ek fet 
Hieaiiae sae er le a ree er 
gh SHE fierce cata oo 
He Peet pa ete te ie te siete fel 9 
inna eae a) oS] Seeae er easels 
ia ara ala oc Grae ao Hs sec mat 

Ear ete er et eae SHES 

re See ee ett et at oe ee S See 

seas boone cheat Esha) $2004 TH We 
SHEAR 


ft eeeae sae 
2 - oo 
ee a 


: 


ot 


Bie 


_ 


aie 


, 
: 
: 
1 ie 
Phe 
ri ean 
tt rH 


eas Ds maa eae wee pass maces ane ema ore se Pas" HomTrkrror orxory 3>] 
c oe AMO AI PQA 


t 
esl 

= 
je Saree: 
Faas 


4 ee 4 
fark Hail i ath 
4 
itis Ht uti Harriet 
fiat ‘Liat Beiistcs teltiiae: Hi aa: 


H 


Scan 
a 


Hriaenistitiie 


HE 


PT eet apie 


PT 


H 
Ee HEH Peeper 


FRR E LE 


HE 
a 


PHT 
SEEECROEE 


Sea RE a 


eee eT 


rt 
Beit 5 


irate 
le had 22 EGP ET 


EEE Ee tne Ste PE 


Cr 
s 
joan s 
ge snenns 
: L] 
7 
Gi 


Pe ee 


am 


itt 


el 


it it sEsticess 
tH! a 

fH 

di tri 
BREE 


+] i B 

HT i 
“a wqidese vad 5 it 
re ove EER OAT Fe 


st 
HEH PEELE 


i 
Hy 
inte 


fs 


‘ 
Bi sade teaet tenes 
im] 7 
iT} 
1 rhe 
it Vr 
i ’ 
ot 1- 
cr 
a Pe 
with 
ws 
Eu 
4 I 


; ai} Tn 
SE t iss 
ape Hun 


ieee 


eli 
Rui 
HET HIE 


2a 8 JB8QU 
i 


meal 
CHT! 
Et 


f 


RL Ee 
a 


oo ABA 
te 
yh t 


L 
i 
H 
: 


oo 


inate 


pee TY 


Hr 
9 nage 
fi 
aot 
s 1 


cu Ene 
Ra a ea 


it 


ee 
FRG: 


oy ra CT 
og Peete ee eH 
1 , 
; = nH Bs a 
+ 2 © tpeok one 
ea hg i Fpopa bee 
nine 


Eee 
cee 
ae 


iae 
PH te 
+ 
fu 
ie: + 
rege t} tt 
+e triad AJ 
: pends om 
e 
Hy rbsdte 
+ eae pees 4 airy wees Vag 
TL ook Panes raehs PhERG REESE SEE? cotea LT 
ae ~$t rege - bide dei die 
ee Tt my res eo es Sree | 
eo re t any ry tl ps 
T it ’ | 
+ = ' ao le ive 
tii be ig be ji barre aes 
ees *. ‘ae ty t sO 
ry >. = e 
3; at 
< i Tr apes vey 
+t pee 1 
. aes izf} 
a 
- +! iTS 
a Foy 
. 4 
ray : 
gl 
opt 
! . 


~The teehee 
fons See © bee 
eos yaa 
ve 4-2 
+t: 7 
a SES 
rs 
a bas te 
1 BESSutsecq pores= 
TY e fe cia 
a a eae 
Epes wees pees 
+48 ae we mi 


+ 


Be eisaiae 
sei Hai et a 
ine 


or 
Re Bin 
aie 
ease Tyiet 
tT io. 8 


Pry 
= tee 1 
be + tfiite 
ret tet ae pee Gs 
2a Boe: Sesgges 
a “+ 
eat ror 
ne + 
bo tf. 
Ess wi 
tf a 
eaae ous a 
° 


Led nose 
ee A 
eee Sreny 
Ti 
Fett Fit eer feadd 


ae He 

i Erie Miia aE cee 

eas 
HH i 


H a itt 
i. 


eee Hue En Gee 
ae 
cee 


aera 
bal alt is bry 
om i 
ate z 
iaana: H 
+ 
af <4 


ht 
i tJ 
set itt s H 
2 es Loo peer tert it° 
Pn PERMA OG at es ei 2 sauge #3 ra 
ta wed hey ote ~ he Fae ciel indsibanas a 
pas Tedeye 
Seberes rte dite 
Rai Grape ah aloe peat 
Bas Lape ib eos 
bechpickest Bam vt 
ch Srey Gaows i ieee 
Saye. od te ree 
See Ty Paaras oy4 Sag Sa 
a to 5 
3 a ifs tiads e 
. ser eee 
= bie L tt] 


ee ee ee ee ee ee ee ne yd 


i eres event tapnnastag 
aaHom orx © xe 


OD ABRas & IBIVUNR 


@ ABU mI Bean 


- 


A o on 


2 
Reepanrres 


ieee 


Bed 
ee 


A 


HE AIR 
Le tm 
EU 
TET 


ase © rite 
rH Pa 


EE ee 


E 


i 


Hf 
att 


se el el 
Fe 


et 
th 
HE 
Haile 


aa 

BRET 
Pere Lista 
ee HEH 


iif 
ve 
td 


RT 


4 
HUET A 
in 
: 

eli 


ae 


ee es gi tee 
Bs 


area LAE 
ie 
fie 

aH 
Hu 


PA 
ra | 
RETA 
regs AA 


Tee i 


» +e 
eshbbias 
ct hi | 
ars +e 


Aer ES ET 


A 
f 


Lett 
BE 
ee 

ial 


at 
ui 
Gili 


E 
nf 


aE 
: a B 
cone 


EUS EPL 


| 
gl 


+ tt 
Bis amen in titers 
ry Piagd treed cease te : 
piay Fagen Focag geass ics bagagieses tetrt 


arian EH A 
SUTTER ALE TF 


ire 
‘ { 
fae ‘i 
fo settiae 
The 
tt 
it? 


ERE [HS RTH 
ol ele 
Ru 
a3 


tpea 
& +: 
4-7 
p= 
proes 
ae 
+ 


ii 


t it, geen. 
Peep BH 


Hag ead 
ee 


oo 
ray + 

. oP bee 

Props PETES 

satty 

| +i t+ 
r} 
2 


3 ii tat 
ee 
egret 

Sie tana 


+ 
oe Se 
ies ee 
TF 

atin its 
pein rr 


fenlilieal a ey 


EE 


a 
Fd rt = M Hi 
5 NTE LEAD Lb 
ra segea gt : 
= eugaaes Boks 
ort ty tps tt Bs te they 
torte Atte owes Ty cone Fee! 
ett BR 55859693 22° Nyy piles 4 


iti ae ha: tte site 
oe Pee ee ee See 
iu Saree cp ae fae feat leas ce 
tin i ial ine iF Bee rH Hl {: 


SEESQennSE tenet 


ater UE Ee Hiri TIT 


Rt Sree ae 
sSiaiietee tuations gust iRsaisnatdssseceveeetrases 
Sia . 


EE ii 


ste Heer 


Hu 


Pee 


aaa 

rH 

- 
Peg pera es 
trpee 
ae 


: ne ou 3 HeSSE yeas te 
Gar as cia gem TUES 


See 
ae ue 


Ls i 


geen 
PELs 


tpt 
PHa : 


i ii 
paneoens panapurns 94 “Hf 
ees deoay Cie 
bgt d44 + 


t 


rs 


peee 


ae 
opp sh 
f tapectibe. ree a 
t fla ee pee DOENe Sus 
esol UP TT 44 
9 ree Saeed 584 tee 
- Sag os oe 4 
eee SESS Sees G - 
as Sees aan . 
es Gabes geass 
; ry 
sees pps oeuen tide Powe 
Deieeg. oles : ees 
ie capel: 3 peary Sas 
ies eeeee Caeee rey. ra 
a pte Po is 


eal 
THERE 


Gece taeeer a ere EE 


i 
: 


3 
3 


AS 

asus BR pei ieg arey wr tr oe ee Ue 
Reg eo cet tit erie ep eee TE ae 

eee ae ee 

HEU eet ern atte gan com eee eect 

S28 COSTES FS ONT CASTE FSSSS USS PS ASSES Cea ee agves wasae . er as 8. "s ROTUC RREES 

i PAR epee be dest = Eibet oven tid ced sat 

es SORE Sears EERE EESsSe LJ we ws. £Se OUEER wanes 

sa ea uae teen att ee Se ee ag eee 

waste a2 if asaus agaen 


a 


: 
Hira 
ni 
if 


eee CLT een 


Be 
a 
; 
STR a 


ai 


4 
ae 


rte 
H : 
SE ere te 


ee 


rH 


ELPA SS FT a TE Te 


a 
ay i 5 
ai Crt 


ae 
: 


ae 
He 
Ni 


ae 
igi 


bese ed EE EEE 


eaHovi or x t 


OY AUPSR @ ANTHIBN 
Ev 


4 


RET 


bisa 
a 


PH 
+. Sages ri 
<i 


aun 


d 
4 ‘ seis 
- 
ae € 
eae 


Sei 


Pe teres 
oe 
eee 


iit ce 
fee aH Hie 
eae 
: Sead baetdeseteeat 
is 
PRR HHT TAL 


ce 


2 
i 
id 


eRe 


euek 


Se re eee 
H 
= 
a 


i. 
1 


oe vy Pf 
Witt H yy, 

2 : & e 
-! ‘ 
vba 


: 
el 
za 
HO 
RTH 


ery 


eG 


f 
4 


eee 


Toa 
| 
a ESEIGH 


GE 


ee Eases 
a 
ig 
Ape ES 


HEE 


Hee et 


eet 
pel 


iaits 
iE rH 
Ez 


4 
ippa 
H i TE Hii Lely 
tht 
ty wets af 


4 
rH 


iy 
ff i i 
HE 
saa 4 
sn 
Uys 
ri Le i 
stops paras 
t 
pie 
: pes 


HEH 
era 


/ 
a 


Hi 
fi 


aE 
fra faikit 


oo Za fe ee 
ie vets sand tela fail 


Be iP iit 
seees 


ipa aE 


7 
on 
tt} 
H 

aiyse 
Sees 
HA 
H 
H 


ante Src ecdan ae: 


a Be. an 
aT 
s = 


: 
EH 


HEHE 
ey 
t+ itty 
tH 


ES 
poe 
HEE 

i 


Himes 


He ie HH 


: us 


_ 
ae 
oo 
oF 


ee 
ptt iit 
ae 


ag h - 
i Oe: 
fogs gaa 


es 
ae 
Hila 
ar 


ie 
a 


ie _. i 

ce ar 

ie ceil asserted ia ogee 

ff Se PAT epee error AEE EE Fr FH 

Sea iat a8 HA ce a Aly 
Eas ee 


ieee tte 


Caer e 
Ey 
Geri 
es 

tH 
fzee 


15 » 
+e 
ae a rd why 
y Pere + - 
4 ore pase 
68 BORE FESee 8) pce 
re : Het 
+ “tT es He +4 
~ + be + . ‘ 
: oie esa Estes fae ed as: 
bra Geis A=. ‘eins sdeas Bet rts! 
Ee eures wares nae 2 eprrs i. 
pane poe a : 
bead ree c 
spit teres fans y 
pips *T2 


mn 


SH Bunt ae el ay 
iia 


ioe ieiel ected 
Baie eta 
Hy ae 
iiss 
pall 


estsgesets 
Pee a wee saan 
Fear FOGNS SESRS oee 


Res 


joes 
col 


>a Dunne Beead wee 
as poy ga 38: 
te iebee pol beset 
rays Braye Seees a 
Tig ctitbesprpt 
Ribde fondle vheas hEOes 
ror $s ntee 
aoe ora 
Tye 
pee le 


eueet ait 
a eT BE 


eS i, O¢ eG OO 


Cc 


‘ 
a = Se ES ele lel we ee NESE EES HOMMANDT ORE yn wate 
re . ® &.9.9 FI BGAN 


® 


A eeeneata 


tT 
aqaed 


OF ANKUR S LBV 


He 


Hest 


r 
ane senrer 


aa 


al 


HHH 


Pas ae ae Be ous wey see exes emmen cma. SE reyes HO erer~OT Omer ~ 
Serere ae tey ir pans orn. Seed 


bees 


t 


J 
rt 


aE a Me 


sae area 
ae 
aI rn en 


23 


ae agers 


age 


PRET FEA 


46 
Hit! 


3 


agree 
> saer 


THRE 


ur 2 a 
of irweceiar is 


s 
rity 
"8 


t { 
B 
{ 
i rH 


ee ET | 


SRST RRI TT 
HOE 


' 


HUTT 


Se A 
Sa NaN 


He 


area al 
i ERE 


3 
i 


rans 
+ Sar 
‘an 

if Ny 

4 eS HH 

3 a t 


fina! 


RSH iT 
t 


+t 
it 


i 


a e rt 
+ t 
+p be 
ett ry * 
tt 
ri 2 
a. zy 
rt 
a 
tt 4 
a 
ith 
[ila 
S , 
SSE 


an Saale 
EN CTGETE ain 


ae 
UNE 
cee PEST Ea STR 
alae ath 
an is ia 
mnt 


rH 


x 
Fi] ou Ne 
RA IIRCRE 
Pane : iq 
Pafet, fi a) 
; aT aap 
| rate dey 
be t 
| 4 
: 
t 


a 
cuit 3 ane si L 
; a 

S6s¢ rd i] 


ei 
Hey 


sana 


cage ed oor eh tae dat 
fe 


ae 


Hii: h etal A 
Ree TPT: 


rt 
‘ ’ 
H t+ 
teeodi de ew rgeete 
Hier ! bodes 
Cen epbae Ma HS fh 
we ot ait + 
fee OR as 
htt iit 3 


Caled 
HESS 


tiem, 


Seat? 


Foe nen aaa em a ee . 
SE  . fr 
ea ai le HERE oo : : 
HH ts wit THEE [ea pane z 
Lt me reed SEW Eiset t x 
eS aise Teese uh ges : 
areal fae pee oe ae] THEA i WH tad Eade 
SEE 
cea PREM. “oun z 
iE oo cae 8 eee 
2a oe He Ae i Ae eda aee as 
a ee [oeccee 
es 


lS la oa 
ee eee 
ERE PRE EERE eel eget TE a sian tee ere 1H 
a SHIEH suisse Butte 
: eS el pa Eeitseae iit a 
Su Hii: FR Het ie PE eH 


ae 


fe 

i . 
. 
HES Hg 


Ets sale ae 


als 
HI 
: 
i 
fH 
+f 
4 
i 
bt 
Pitas 


ae oe Se Sens 
engi Sea i i ae BI iss scissstvitest ate Fae aajeid = 
STE EEE Ha faa dE . ae He Hees Saat 
a ae — eae edie 
in Sete Bee 
_ FE EE Boeees Cnssapechr cuescess ety = 


re 


an 
«< @ SRABBES 8 RBSEY CO ' 
ca oan ieee «nel See tel ale ne ee a 


ty 
LY 


Ail 


Hilf 


rry- zene 
i Fs 


a 
iz 
ak 


Ha 
es ah 
Lea HET: 


: 
. ove: 
b+ f i 
a. 
- 
at t-4-9 
. 


a eit he 
ui 
it 

FER ERR tl 
a 
fiat 
rr liicait 
HEY 
fi 
RL TEE 


ite 
Nd 
a 
End 
t =a 
a vee 
Fat 
7 ¢ 
TE 
spelye 
% 
‘ ”~ 
tftry 


He 
iti 
a 
| 


H 
CoaSES Ba035551 753 
Shri tnadireeaiteel ctajt- cat 


%. 
: ot 
. rf 
Ti37 ey ct rity 
“4 Ct one 
: H 
a oe 
TTT 2 
: we eweh tis ta as cI 
" . ert 

; agers a 

. 

- 
a : oo 


i rat ge ee cel ed ee 
Hes ee eee ee ene eee eee ee SSeS 

PM cines cet er re ce ce ee Fa pee ese 
‘eee eer a nee Gee ee anes a 


Zep 
S88 
br 

Fil 


$ 
if 


rE te oe reese 
: Ht i 
site| 


HF 
ee 
aE 
E 
fo) 


ries 
aeiat 


Ht 


: 


rapes Hee 


Bi 


— 
Lg 
Hin aeeietseedl cue 

STD iia 


*xar 


HHH 
ata! 


TE 


aan 
eae ati 2 
IU 


5 
F 
ie 
hag? 
B 


a 


HERE TLR 


ai 

reese GH i 
HT 
i 


e@anator x ¢ 


s eanen| 


Peron anar 
ie ood ta 
+ 
HEART 
een beet 
oa RE ni Hitt 
ESET RH El 


a 


Hee 

Ali 
Fite; 
ee 

SHH 


1OD NEBR A JUQAUA 


HH 
i 
He 
Hit 
Feet 
fi 
Tee 


| 
Hy 
y 


aS 
oO 
aa 
eel 
a0 BS HAG 
He 
Gel ee?is tle att ee 


ipeat 
+ - 
Pras porns oy Papen are eee we 
pow 9 Sees 86008 oN 
~ + 2 —: 
ny SE es Bea hs Pere +r: 
rs pees 
1 Pg +> 


RELI UE le 


oa 
cc aE TE 


eel ee eae 


is 
XH 


aegne 
tt 


atte 


CPN GET Le HL 
STE eS 


Gedaliseieesnuedt 
Bie 
sit oe 
le 
ne 
| 
HaHa 
iy 


Frm ct 
caifiiitaaia ane nie rd 

Gees nats Aaa 

j feet ea Sees 


tH atti 


jase 
SHEBS ESET Senraets: int gts 
Jeanngs: 
ETH ae Fei 
itt 3 ice 


sue 
eee 
bee 
+ 


ele 


+: 
i pepe? paaes 
epee poses Peery peoed 6 
JED Y Ea? See teas 
iT De Staeas iy agi ae 
pons 6 PPEae, a3 tt 
PaaE SSaed teeeit! abe aes +4 
oe eo meet 
pebel poor resi 
rtaf qin yy 
rt torr bed+ 
THp-4- 
rouse bees 
Theiss? 
r + Pg Peewee Pee) 
a rtei¢t ad bt ome CS as a 
ete GLE oP Syke 
seeped aged ages yi 
1 


| 
ce : 
Sia: 


Lf . 
frei 
+t t 
tre 
t iit 
rit 
oe 


Be Here ee at 
See ae oe i 
pec ee et Bau ug : suitiriit 


ae 
ele 


aay oe 
a 


Bex ps seaee 7 4 : 
Lite dpes +4 Pit + + 
mad i 
+ the ~ a 
pees bbete 4 or ie 
Bas 5 it Eiri DLs o 
Pe ae Be ue rae 
Pers pa SSE CeRey 4 a 
¥ f+ me | 
. oa V4 
Pee 
. tr +f 
st batts ee rene t 
aya 
ue {Ahr ee 
qtne repel Pe 
bel ine Tag es 
SPONSORS.» 
t tesa hie 
eet . 
4 
: 


‘ ra 
i {i 
: ane 
ties J 
ime 
= 
a 
weal 


ae 
eee 
iste 
a 
ee 
Eas 
iRaG 
is 


Tee 
ile 
ee 
' ce a ce ao ay 


ee Deo he : Bes, ae 
ese! or HOU! ry oro 
. @ ABM oe 


eee 
“a 


a 
erate 
Eee 
ina 
ne 
fists 
a 
Feilee 


con 
r+} 


a. 


iis 

qinees 
EE 
co 
feist 
peat ee 
el 


Sie 
ae aS pea 
Gnas Seat 


"| 15¢¢: sata oa Se ee: hoe ome 


Qremet — 8 Te, 
ine 
Sat 
Gusesees 
oft 
a 
ae 
A 


4" 
1 


Nrw3@ ‘do Kuisaaning : - & 
i AYIINHIAL AHL Jo . . 

lav? y Wedd datdKow 7 oo. A | 

| SyM WYZONIT BIL A : ; | 


UL Tra 


; 3205 2 


ny Quis. 
> . ¥ y 


at 

400 
900 
-} £00 
“* 409 
to 
- 200 


400 
(*; 
000%9. 


WX 339 WAN SNVATY. TAININ' “ane 
Qhlva 13-4v2ad NWIW. 4Q) NOWINNDY 
¥ S¥ BaNayoad 4 Ply ~ X93 a ne 


° 7 


J ot = e 
3 

aft 

“C ; Bs : ” 

em em e 4 ee oe coe 


Se ee ce ee se nar uae Cre Se Soe SE Soe 


. 
Se ers Ort Semte 20 be oe 


eam eo Se conte set Huet otha a AER HE tee al ee 


fi Te rae 
- HEE 1 iss Hi 
(Pee te au ss “f a Hie THEE 
flit mht Hu reels ita oad ign; 


Y esse pe ar : espe seus ees 2s Be “Hie Pete 
crea AG 
nn Et {TTR eee 
teh 
l ee ea ii 
aE 
HEHE 


Tee il 
Hin oo Hi 
ee EEA HE ed ue ee Ge re ee 
it he eaet eee aS aaa | 
RSH Eire ET THe itr fel eiHin 
Etta tee dena Se ee ae i ae faite 


Dae oe ae 
HI if Hate Peller neraiueel i He 


WN 


KENRAED © EesEX CO’ 
AX 00 INCHES nvegian NOV 


jae eed 
Ss ed 
i Sess 


oer 


. 
r 
. 


eine 


~ 
= 3 


F 
od. 
bat 


ee 
trth 
aa 
a 
pare apres soars Supe: tees 
qretpecs! Sige 
Palas ,: 
re Ppeg Pagers pee 


Baers’ 


t 
: 


+ 
por 


+ 
rt: 


1; 


ifsyt, 


Th 
44-4 


eee 


~+74 

af 

rir eeED 
coe Fah 

pegns Rope 


+ 


Ses 
Boe Gaps Sawa: 
ees eo ie 
ot 
aaa zor 
sched Be ea 
srg = 


“t 


r 
SE sua HGE 
meme 
ion Beate | 
one ; 
tetris 
a eis : 
Ee 
— 
HIER 5S, = 
La Fl L e 
of 
Ht fe wer 
ae 
tae os 
ddnae oe eee 
cae zt eEes a aus eee % 
ql sase oe 
oo 13 


SH? 


TIT: 
it 


4 


Sse aie ay | i 
a HLA SE ee ae 
Hite Sera HALA 
f HE pa : 


4. 
Br 


ie 


ioe 
sass 
334% 
Bien a bs 


69,000 


te Te Tet prs 
aeee 5 - 
ty zh = goed 
is + Ht. pars eee 
peaee ae omnes pean Pees beer - 
t+ i seas Fi Tass co tHrsne Be 550 oe Reser 
rene a rath adpir peri SPE BI 
T ttt pages popes pease svass ape: 
oe. + Panes Thee s be pes BPE a 
oe i trae eB G ees Cot od ead ear 
Ppt ys epee Same Bbeled Gp oy 
: 1 if ater peares 
} f tees, 
ae Ci no DEA vee bs ay 
sie ae - = ; 
} ' Et 
he ; eaeD 
: . oe Sa) 
. rt Hr t. 
: iHetab awa 
= i? 
ei 
: et sess (eds Fs 
aia Geek 
d exem 
rit oa 
ay 
ie : iA mit 
i +t HEH 
ry ih 
Haid . 
ter pye a 


PRPEs peeee crore 
ss papers 
ate decal t- 


45,000 


Bae eRe d aaa ac ceee 
a ae ao il si es 
Dee a Beer el 
2 ae ee if ie Rae 
i ee a a ae 
eT eB Se an Ea FP on 
eet See eer E mies ee == 
Bae a eS a Sa al 
HES SS la 
UT RE UTE HUT PB ah Cee 
ee GE ee o 
MT A EAE a 


Spee tren ee a an e ae 


6 Ww + nN o - © oe NY + “N - 


$0,900 


( i 


KENBLEr © Ceecys co’ 
Kes a X¥ 10 1MeCNES wVeE WY a ETY’ © 
e 4 AO-V 10 AC-BIAMCH OL] BS Dee eocRemo sete CTA oR rE aaa a ane Gea mania d 


ee 


ae aod 


PEt ea igen : 
eee 


cc i eee batt naan 


ee: sista rt) 
eae esterase ay [fe f Eee 
Ee eaeranu: 
ISH perc Incoetaee 
os hanna seal et [Por -- fate bee pinalsba 
EEE 
saned Saeed Eee : 
H © fg Brees a Ge 
lg patie fe 
a 
BNE ite 
SRenseseesrespaes lie 


i. 


a eI 
rt fit = 
3 at 
H jo = 


an fe en ee 


Hb UG rt de 


aS Se eA 
Aes eee ee 
RAR 
finnme a 

ae THR 
ea 


aie Cee A 
Hail 


bene Hae See 


oe 
: ae ; 
aig 


il whl 


ae ea 


zl ee ae ae ee if 


e 
Zt e 
ree He LEE ie ai a 
ae a} tort 
Cie bate 
fr 
fer ae Sef dap ae ain Ry z te & 
itt Ho] if. os sla 
meet} i sds soeed kanes poet sth ti + 
Ge Tee ate 
oa eile cst a qe a el 
fitt ft, a = ca 
pe T ante = 05 
tH eee Narre or tH ji tho th Ht con = 
‘ef ttt as pH =| aes 
it i pagans Os it = 
. He aqua: Bs Site 
PCr EE eee a a = 
Fr ry Tn 
ee eee ee 
aes 
ne 


pid) 
scot 


a 


H 


ThiF 
t vA 
' 


ees 
i legea 


Sq t 
it 
oa 

— 


1 
+ 


LT 


Senass zo 
ie a El 
i iB 

ies 
mak 
Eauesasss 
Pt 


rl 
1 


ae 


ai 


4 
38 


Til 
ra ritiy 
ane 


FEE Frain 43 


ie 


KENbbEr 6 Teak Co’ 


a xX 10 INCHES 
KE 10 X 10 40 pS 1MCH 


plows a4 * * 


wves wn eye 


N@1353 | ie et ead pomncarer IRATE ener na] os] Cama tax as 


- 


il By aaa 
tut pit tale + 
Th panes cece 
aH eher 
t4g 
RTS Lees) Eee es i pase ae 
vpn ae ; a 
srt 1} hrs +E bhert 
ype yee t ote 
aby re ne ee tes 
He Be HUH ever teessigsce say 
iH ny pee ws 1; 
vat : ; 
gates= nates TPs He 
iJ . ~ = wee + 
5° Ni sures com 7 ee Paes 
+ t tite epee eee a0} 


iT. 


eet 
Papers: 
wate 
or 
we 
ER 


‘4 


pa pen 
os 
nas 


+ 


sree: 

= 

Spe 
4See> 


I 

rete it 
i 

i iti 

3 HH 


Bom 
izes 


<i 
vr Fiegt s pare 
{ 
ye rt t cas {jf i de = fe ~re prey 
ind iJ wane § - te - 
oe Pn nel Et aes ee eee 
Be sees fapeg ies oa 
Oat iaes! Maas cae aie Eeaes Bae 
ofl . Pes wis Be Seas asa Sag 
| 22 thd ds cares a5) eae Doel ever eel meee 
ahi treet. a,° Bepapee saan a aaa Padus hoeus teaes 
Har igh ais sie HE: Fits ead Ses ead ooo 
ink 1 fekan i b at: are aos BS tas pees ot 
iE 4 § Srey rt. pos eis pees 
Dette ied icin Beate opgcee Pouenp pewan Gaibed Gain Fp bs 
ean ee HOLS Ee HL ooo: 
i; es es } ord peas peas bes opegt 
© 


ase a Sania 
TaN i a set | 
SG TaHVGEO RTT | Sg Ses 

ne ea a oea i | 
| 
SEE a a EM 


aS c wD © 


prc hed 
se 
zene ous: pod Edad Saeanvevce W.) 


wn ~ NS ry ac e 


KENKDED © Cearty CS 


KE x x10 IMcHte wat iu weve 
ahetice: Pr ae . ; meee AOKI LaIMCH we) = 
‘3 be i rr ee 


ee: + 
ge 
PS 7 aa rit 
Fb Hs Wk a 


aI 
phe 
ae 
bis t 
vet 
H 


’ 


24th 


ange 


“eye a 
VE Man Es Pla aaa 
Cae 

Bel EC a aE 
ae ae 
fe BE Fd eT 
eee raat ata ln ae 
SE i 
eg 
ae i LE 

aan a. : 
a cae 


a iti eer 2 
iit age LE 
a Sage Hee 


a He HE ee 


KENnagY © Keene co 


KeE aK 10 CHEF bree Re « c 
rvameren 


oR 
. . 
Bn ? 


cine 

¥ 
Eke 
SG 
oe r aa ree 4 
EE a 

4 r A 3 ne 
ane cena A 
TUE TER 


fg 


7: eee 
thers 
Li 


Boeg Ome Tes 
ligt 
Ear 
srfe ngs 
en 
ae 
Eu 
pit 


Pa ebetied 


Seats fasts Ps ayes 
+e an et 
Pf : peering sees Bi 


vie oy 
jens bool Ee J 


EEE 


I ae 7 
SEG Ee: 


ppaus ir pees Bs 
vals 3) ' 
A3T a poe 
ae ioe 


ra arte pees 
° ons Son peat ye et aS on 


fick fe 
ote Ei leg 

ae 

STE fees 
as 

ee Pe 
sae, ie 

ae i 


ote 


Hip 


Hu 


He 


ind 
pepe FE pes meee pale 
se200 SeSed Sead 
ees cen 
rie als Chin Arege preechas 
soe +t 
peeves 4 


te 


me Dapeg 
2 = : Hy ae 
be! 
pones Pyare pone’ fers 
pose nes: 
2g 50 Onen Ses Sows coe bee 
eet sit scuttle He: 


JOXIO ITI INCH Ve I3ass 
es ad reat a] nets bene RES as ae aa eek Gamat 


paar ae my 

ryt '} as ae 

ait ; 
at 


EAL RE tL 
TE 


oeeeeel 
E 


ieee aE: 

Et Pane 
eRe Ta GU 
apm a ! 


ae 
ae 
Bes 
=== 
= 
as 
=e 
re 
4 
ae 
sa 


es SPO Saree Ses 


ag 
Pe LBL 
: SE a aie 


4§, 009 


ie st ‘3 
Ler +epth 1. ea ea 
236 tt 
AoE ache 
tyr area) od 
eoaes feoe © / 
“yo vert 
, { et ae tf ry ee + 
iB A eat a 
if 
+ : } rf 
a , al s i g Bt Sh. pees 
‘ beer, 
ce gies een 
a8: ~ yuh rot 
aq i aisge) ee 
ae : ue 
‘ie e tf 
it 
Hap; Bd EE det rs eee oe 
owe - 
aie | iifice sorceee 4 Hy boi eee 
‘ pepeeeney pgrted 
eke bed SAS es gegen AG oa 
rd ae a Se cfc ae 
py — is + = 
Pete pseH Hip eie ef itt Bet ete sal ij pot jaa ad Re 
pues Pes Es Feedi rye a os Bi ier iret. prders cane sa 
faa why bi pe rth oe at at Heit ait =i — ies nata 
Sep: jeune sem 
ili Hee Ue 
HY ae: i] 


cee SB 
. = ry os “$4 z 
eae: rena -. y 
ET POT ST ESE OSCE are ROE fe TEE Siete Sane et 


4 


4 a 


Ett 


poses - r 4 
ese raas See wy Be 
pone peg ts ees oy 


30,909 


cea 
{ ee 


Gi 
i Hen aT 


int 


oe 


| 
(EE FPS SR RG GH ETT 
BRIGHTER HT HET eT i EMER HE EAE 
Sa PE OBB UeeL aT ees GC ee GR 


STE anes 
ee 


(Seev 


=Rict 
ane 
See 
a 
igi 
tte 
oo, 
boa 
yet 
if 
pes 
gntite 
a 
a 
wa 
eer 
tare 
(f, 
ro 
ee 
at 
i 
% 


ne Gee 
i eae ee eee 
En Du a era EE He aus 
a a ee a ee el CEL : 
ce na eh 


oS we) Ng ¢ oO, a - ak Cc <9 Ty) Sg ay o - ° 


eras PEDeay ws waren 
ates sees (wan Soe, 
sender dees coae 
.- eee shed 


KENGhEr DF CBRE CO 


N“ an lo Mouse wvecmaew 6 2 Ps 
a aeeuteal onsen enero ome an» jako AQ oH hes! BS Zee — — 7 — aun 


. 


ti ann 


uM 


5! ep 
SHRP 


Leen 
} 
i). 
=] 
- 


te) 
Dele! 
(i231) 

fi 3) 

2 

tus! 

{ 

I 

ae | 


foci 2 
' 
‘ 


ae ' 
KNOT: .! 
60,000 


: 


oe re aoe 
TRiPLE: 


- 
¥ 


an ae 
SpTWIN SCREW 
1 pele scRew 
‘SCREW 
d= 14°93 

| 

| 

it 

be 


= 


seeadan 


b ‘ ee i a 
£000 


4 


AT! ¢ 

es 
thay} od 

jo berd 

ae ee 
oem 

aa es Berar ae = = 

ie 
LEGEND ( 


lerhiGien 


PulsWwe | 


Ss es 
aot 


. 
. seen 
rae 4 


oS Cee 


30,000 


seed peeedes * ' 
Seapieas Leann emenene fewee ay emmm fremins . © 
rere every warren « 


1° 
Sai | 
ene soe ee bees 


ra Era) SLES) a? 
a a 
pa Pee 
. e < wees 
ae 


15 000 


Ch ee eo 2 
sage 


sm cous hoc feet fea ‘ “4 ary 4 4a yee Mn ee | ad oe peg posed pore pool 4 eee | t<- § 3 Hf pie ‘ 


. spnba cheats ae i 
WAS GURU REAR seats INTL oeUteene AN ate veg A Sot Andases habad able 


ogy win ee ca ey ut 


‘pews 


1S 
{ 
t 
$ 
: “t 
= 16:3 


ins d 
’ Dots 
' 


Oz 
chai) 


TWN 
root ot 
pine GRULLE 


' . 
Abb ca 
‘S ones ane eben ape 
: uo ' : 
° > 


Ue PAR ee we ee 


«0 bow 
ween 


| 

1 

inne 
beep 
ae 

| 


is SCREW | 
—--+ 
a 
+ 
i 


A cae 


es 
[ 


cee 8 
‘ 
. 


=A Oe ee ee Se er Se 


5 sea ete 
i 
| 
1 
1 
t 
t 


. ‘ 
Yn e tere dee 


Eee ce HO dh oe 

one ‘ames ee : 

ee ee a 
PO ee eS 
ee wl F 


! 
| ae Cee (Ores ME A 
DRE eters 


$ 
H 


’ 
etme ee eS ae eee = 
ey 


2 


[sie pees Bae (anes rs ates 
2 oe a ae 

“a f° \ 

soy ES | { | 


an 


|: D = 17-07% 


! 
| 
I 
1 


Tales 


i 


ah jeshet. 


os “ * 
a . . . .- 
ek Ed 
: y ; 
‘ . 
ry 


———— 
ae ee 
mje cds 
Ces 
i 
, 1 
| 
j 
Sos Yen SOs chad sie 
1 
! 
{ 
i 


“tel 
uw! ; ' 


] 
t 

4 
eee are en 


Merce bei 8 Beaty ce 

os rot weeny es shag wus . . " 
Peewee bgeers eee} buy fx} folpaeg 9 o eiteg tac bol, a4 | eee | oom | penned Poonnccal pomneneall | cateaese | ford fre4 ; 3 
WARRING artatsn ran waka gtsiatlaa HAN ck CAD My anche nent? WHR iv Raa ohh nda Ide ke aM 


“ 


ebYAYT Ae asye gs 


2 


op re ee 


Se tals page 


i ps atig! 
“bade 


iy LIS OF 
et 
! 


. 

24) 5 
+ {il 
tex £9 
& 
f? 


j 
i 


nant TRIPLE LL: 
a ree : 


4 

" 1° , D 
coy 
t 
| 
i 
i] 
' 
t 
( 
, 
{ 
t 


t twyiet 'ScREw. 


6, 


t- e 
ope of 
- 8 
<n tee ee 
é ¢ a0. 
. eae de oe 


’ 
ar a 


! 
‘p 


RPisLeed Veredus 

dead el os “x0 ' Any uN > Su et ¥ Z ret e ‘ ene 
Serie A ect ee Do AO ee one) ee ee oe ee eee 
RRR UL ainettardath nso LRH ALANRNRR a ON atndua tp acdNdesall role ant BR ecko ARS 


fas 2 Og ewe 


Ricah shosabvEcwrt nd ato 
— A 


i 23-5) 2 
19:2 


‘ean 
iD.2 2.3°0' 
‘Dal 


iD. 
i) D 


R 
Ht). 


i NED Fok 


~ twit ROREW: 


1 
PER EM 
pee (1b: 
Pa eral 
Ls 


RiP 


GEN rt {co 


ee ee ee 


caer a a Song Ee cement 


et 


ee 


i 
! 
q 
te. 
| 
4 
| 
5 
’ 
; 4 
oan eb ee 


phos 
{ ‘ t : { 


! : 
sage mg a te Se a 
Bee ee i ’ ; } 
Pee pees i 
Beat eee ches (ee Se a Di 


raid ait, “wes ea 

eT oe ee =| 

Saba GEeas E5055 CORES METES EAEES CREM CEES ROPES RENTS NEEES $E0ES PEON MESES OF Beli tdi: tec PE o tered 
res ae - ots > ' i 

USE ere LEP foes Oa ae teh. oa 28 
one . . anes ry 3 

a ra i t ‘ , 

é sities) opr 

ae a opted wane eral prone whem) iecam brady Sales arora cores Oe owh Gees Gaeen Geneg Peer : = |. Se ety eee aie “fs rel 

acl es ge ed SB et sot te et Rec een ik Bi ner ca ce te ae ee ON mE Pn COO i eu 

a de fe La nS Bp EAE Eda dE fe def ef Lo PES Lace 4 ra 

Pn eee COMO e ed OES CESS coos Cerne me bee ep ne Sones Sees Se Ses os ath sefomep eee. Psst ee : s 

ee ee ee as ee eee USL loeb tink Mets Peel sale po, — 

= <0 < Fe | ° 


; er eee DP ee tnets . ae 
cee SO CR MS Bs eee ee ee or 


GORA keiuitanH tho Aerie USI Gaede itd ae ier oicaitd BURA + sige OtkldagtMowd adie aga sit eg 


- tii sl. at 


MOcseeet & Reese se 
oI sR svinest ssl ase e 
» 


pod os = 10.10 pA INCH 3S 1382 


a | 


A St te o Pe fay Fs Z 8, 
no eee OTRAS sana hs DA\HAD ETRE NSN ists SER i a Saft AD SRL 6 SERRE So Tee Fo 


Pam E KS wees 


wy 


prtgitt ? 
pope 


Gar iE 
HAS EA GE 
a oe Dene e ae | 
Ee a a a a FESS 
Ei A a bd ae 4 


ELTA TE ees a [ ne Fa 


bee Prone 
sanes Taare 


(S900 


ea He OE AE BEES 


xa . , ° ° 
at pee > 
’ £ qT 
ERE | let TE Sat tele ae | 1. 3 
t! rt t . cr: a 
ea tae TUTTE GH ii i 
: i : 
ae + 4 ty ses dote 
Gre aan CIRRAE : Fal ate aa ce 
: {14 t eeee su sbbaS copes peeee cent 
iA.4 ii ' ’ ’ . “ft eee "} t] re stints ae 
ot a ’ ' . t ae ad 
Feta eee fit sc He af eee addtces ab ae 
: reer 32 pas : ped meena. 
ent ee AEE Eee 
ob tere Sen eesel ti sbazonetesesas sa wes 
Eth iH i TS HET it tT FePEy Fee: £23 
“Th rtf Lt rn rt 
2528.1 ; ate pert ey 3 ttt 
ride it ie’ to a 
Se itn rite F ts g 
a 4 t * eas a Bae Peres oO 
in te a 1 coagge 
Hoe Pb od eee ie : nibs ps 
Padete * af J tr: r + cere 
hs 1 tt wit * iQ +t 
elt cade: Ee ie belt ni eos Sey eats eat ee ieee 
‘ ' ; eee cee i ny 
ate Fee —S Se eae 
t Thr y.t ee ‘< 
; t; asad fi iain ; pais oabs soa’ belcnd og ahn phban neues norm 
i Feige ide ego = ee sal 
rd Peers bea tS eobe setas oe pa 
paid? t peal en Capt apy 
rape rr sepae Jireperecic epeste 
ft: Hy ret noes a ae See ak 2a 
; ; we ae Pees nee 
= oe Q 
> 


itt Het Seda pate is 
UEC a ee ee a 
ia Ela [UII 

5 ind i] — sits gees age 


enae Sees 

ye pa ee 
tric peti dren: 

dew 

prung 

ae i 

sae 


APNebK! & K€8ay CO’ 


KHeE yas WSS Mvbe tN ae 8 
{OX 10 10 538 INCH ¥ei383 


RRM iuletan Witiad a ee 2 3 


GNA NA A 
oa Bena 
aE? 


IEE GEE 
Ie 
Sa a 


ate iAH 
Lib ati EU 


Ee | HEE ET Rd gE 
PE gt all 
Hg Sag 


<A Ul ball iil 
oa itt 
i 7 te 
RH EE IFA ETE FRE ES 
ETE PATER 
Fart eet el tal 


tt 


pese 
eee 


KENLLEF © Keen CO’ 
muvee A aye 


KX = Va fe ICME? 
IDX IG LO, 


3 imMcH 


wel 


3 


33 


1 
owt 


4 eh 


a * 
ouee Bae es 
4 ibe 
cr ie) xi prenaees 


pes 
ai 


ty 


rot 


ry 
ee tte Site 
a tt 


ae 


+t 
ats 


reget 
Pane bal 
tortie 

tb Pp it 

H 

L 

' 


4 ioe 
ve ttre: Ts is e 
ret BE Les esas bgt 8 
cat Sse: 1 a 
ae : 
FRENTE ET Ere Aa ese ; 
renfastt a tated eet! 
yt esd BE a Ea LR Ee ESS 
ai mrad st crgets ty et 
1. pees ened 
Ge tea ioe 
pte pity ey 
ele STAR ae Sh 
oae ’ TH rt 
ci in i ri EES 
T 
3 | et tte aid : 
' ° 
jity Tr? re 
iat ee ied 2 


Hee cae 
ena oo : 
ee 
ae Mt 
vies fete 
iP An A ES 
Hg ae 
a 
a ae 
tte 


Tet 


ot 
HU 
4 


ara 


i 


= 
fe 


+i 


Sexi 
+ 


pale 


BRB 
SECT 


ote 4 {! 


Hy 
i 


, i 
fe iG 
Hi=| AE EE 

HE Ee 


’ 
Tra 
oe 


att Smee 

it ACE 

jean tree 

oe te tr 

ret gest 

ne of ie en 

ph fey pe bie be 

Fu ELSES Se aE 
as Bee Spuwe SEpes Panes Saeed Soak 

iq heed Sadan: sabes oo pSag Peres songs ponte egees ceaee set 


i APH [a 
t H Po 
eae ' thiget + a's 
tr hee g tly ta. 
cn Gre 
tt ul 
br 


itt 4 


dt 
4 
14 
1; 
abs 
+4 


foo 
tats 
oe iL 


wr a= 


KENeLEr © Eeezu Co’ 
wae pvetim Aa © 


sKos 
KeE 10 X 10: 10 ys IMCH ve !:333 


a 


AARP PTOLT LORRI ELT tet A RI 2 ot 


$23: 
Bal 


3 


) 
‘ 


tree 
ons 
aes 

tite 
tees 


whee 
baw 
eee 


Pale! 3 


© 
+ -$e 


22S SRS DES 
ar (7) 


72 


vate 
eene 
ory 
a 
poor 


ess 


pore 


A 


—— 
wee 
a 


Stig al 
ee es a 


sass 
Es 


sy 


pare panes 


ered 
me & 


free 
wee 


KeE 


ay; 
ryyt ‘ 
fea RS el 


WRNhbEr ¥v Keats Co’ 


VK 1 battsaty 
10 X10 40 43 1MCH 


wvee te A oY © 


@ 1332, 


pone Free 
ti 
rh 


oar 
: 
eee 


RENLOEr ¥ heats co 
aX 1G MEH AYR id te ye ry 
Ke 109% 10120 oS Wer 70 13832 na ee ee ee EE ware ed wn. 


il a Re a mgt fla tia ita 6st aataing A tata: na ates dinsnas Nastia Lae HS 


‘| 
’ 
i| 
at 
a 
t 


ct 


aon bee a 
Be Bane 
aSeeh gees 
mee RES 
bolas 
aime 
h- aera 
‘ Lj 73 +a 


B | 


4 


eel te : 
tees 
are : 


BREED 
} 


nas! Pe res 
He fe oa 
He : tor 

SET ASS a Ea i 
i ve 

of ae 


° 
i 
' 
. 
q 
it 


pa Sone 
sat + 
hts i 4 
eee Fees eeeee 
eae see 7 
pS os ous et . 
a a Bese + 


3 . 
’ at ° 
5 (3 4 oe . 
; 
- eae : 
thedealy, 
Ran 
7 
tt 
rT 


a 
we 
at 
oe 


tet SEL at bak 
TREE FRAT itsanaasse: seta stn tee 


= ae we Fa 
tte te te =F 
# $553 35225505) ees 


¥SNeLED © CeeEe CO 
K: = Vow thcite avec A ev ¢ 
tOXIG AD 3 MCH Ve 1333 


a ee ae . 


bg 


wala 
AI 


Kez 


RGrlnbal 7 C8eKU CY’ 


woe He th 
OX 1020 455 MEH 


we 13353 


ae one oar 


Pees oe arene: omnes 
eae Peeves foa-e 
ns ere Seonars 


da 


ij 


er 
ot + 


pepgrene 
tth+ 


TERRI 


as 
TES] SOS 


AE 


ANA APA, ® aay x 


vy 


‘4 


Sed 


ut 


fda ete Oe 


HDMI S' UT OF & ue 
:OD ARIPPD BS SRAUVWIUN 


eae 


ESEt aa 


are 


eer tere 


— 


EES 
lective | Rostee labeimb| 
Epo ba leksbsae ese eee 


BER: : 

dish ef ee ee ee 
poets celete ieee 
= oo ies 


we 


eeaael pamees 


athe dada dite: fa: boa Ae thes 


ee a a I IT 


ae 
[HEIR 
Hi 
HE A 


aeey 
woes 


es 
i 


wet 

+t. fey 
eee wperam OF pe 
aU REE o 

Boe) (ous ts pia Bo Be 


eek. 


t 
i 
7 
' 
. aces Os Ge 
3 es been tr 
: 3 
root NA ; pees ee So ped Core rege Foes 
[EPEAT es tetiialeis REE ae 
m Pea Hea ba famed duped pane’ oueits co oan Mae oan Pe 
ape Bpaee peage Cp ced Bectig bouea paape neers i Re est 


date 
bee 


++ ¢ + ade - ~ ro - SS Pea e es oe pied oes 
rs ite par apa Gael Peay Baa iy ciedgs (news joule 
he peged ben tars aed Srpee FSSes S6lGe peau Bay Lerea, 
Pwone eas rag Bh eres Sab oe pebes bhees Obes Fines ars 

pares Br At tz H tT es BPG ome hese Pies 

44 + - — pees Se os oo 

£1 Rett 008 chad Panes seed Steet Geeoe oom: 
tee MoT itt an le Pages pied Peles babes eae 


arty 
Pee eal 

ETH Fed at ota cen ee 

Bi ={1 ita 


iy 
i 


nh 
este! 
pees 
a 
Li 
+4 Bs + 
sei 
a 


ot 
oma 
+t 


peesi 
if 
eeerend 

tH 

{2 
ue 


r 
da 
ae 


1 

t 
+t 
f= 
+ 


ct 
waeee 
ry 

TH 
tr 
oe 

t 
: 


a 


lat B ide st eee 
: . 2 ep a 
Sa G ryt a 


in 


pas 
rh 


se 
tro 
4 


ie 
EeHE, 


PEaes Beene 
beg tings 
paras tree 
t 
L 


{1 


433) 
agen 
pases 
i 


Ls 


mer 


4 


. 


199 Qneen 
ona 
dees 
scope 

J rs 
pon 
Paes Daaeer 

ty baked 
i + 
WWM 
1 


toe 


Hal 
HITT 


a 


our 


Rip ans 


4 


ts 


i 


wEOeear © Feegu co’ bi 


VR tte tet ede wese ow Aey ie 
K = IO XID LN WIMEH WE 1383 


PORE Dum hgRa inca aig a 8 


carey iy 


ANAS 


oh 


1 


a 
‘. ° 
z NM 
~ 8 
“s Mme 
t 4 
‘ 6:5 
$ a 4 
s o:& 
oe 
~' 9 
4 xs 8 
a @ 
Ie¢ 
6 
a:° 
@: 
pa 
q@? 
ae 
wé 
3 


| il 
ibidetdl 
HM RPRETREWSOS#¢21 EERE 


{ 


namie 


een fo fF fl. 


_ tee 
cand aeeia 
zoned, fee 


Bae 
ee 


- 
~~ 


4 


= 


3 
y 


ot 
ck: 


eae 


Rnesinerpianiacd alt, 


KEMLLED vw Feeke CO’ 


NW te tet bee averiwA ay « 
Kee loic ius isiMeH = ¥e 19383 


Ny 


apie 


- 


as 


i} 


PEN ARSE TE 
NN ES Hg SEES shes eat 


Wis 


ts 


{ee 
ial 


Peete os : 
Seta Poe et te 


pk] 2g eeRtibre ages 2] ys aesl 


ou sae 


~ en s  Seg cee e e 
3% } 


Ea oa, 
reer rs 


ae 


‘ 
a 
EVE Pade aad 


KeEMeREt v K4ete CO’ 
wARv © 


Noo pie eet ae ae 
Kee le ies siimen ve 13982 


ro 


bebe Oo ere 


ares 


BH 
: 
Bi! 
is | 
| 
: 
* 


ae 


Ge 


i wi 


Kansaar © Feaeeu Co 
Ke BOM Fhe Fate PPP NeociMA BY ¢ 
we 1OLO ;tMCH Ve 13S3 


- 
. 
rs ower & 
o- o- ae. 
- wen 
s . pane one 
rare 


ee 
eae 


pam 


dey ea ae Ms 2 


ay 


ANE 


beta, 
aye 


* ‘by ‘ 


ag 
- & 
: m 
aE oO, 
; Ses 
O23 
_ wae 
7 o:8 
= zt 
3 3 5 
rz & 
4 
9 


ot 
pas poows ~e-s oboe peded saber 
PERS Dee os Gites 

aes peEas 

ats ert “is 


A @v mt dean 


ESET Ba 


7 


+ 
t45 


1 


srt 


oo 
peane 
praes 


dette 


fe 


Raa sek 


a 

cs a : 

cee er Tees aT ate 

ee 

TR ee 

cee EU aes 
ae 


oe erens wrens 
Weeth 

i+ 
abage EL 

pSyee nee 

45 ond 


Son te aed eptude eal 
Senna L eae : 
ite Hs ome 
a0 Saaen Smad aneat: 
eee Saacka bare 
yget an’ 
ieee Raat Bros: 
Pw ‘ 


reabee afta Bs 
Sees HEE Ae 
CUE pn bey 
oo foes 
ee 

1d oe 


wae bone 
= tt H 
Er 


thd { ae 
fe ae EEE ear | — 


ile PEE 


rH cS 


ote wa 
ial EE 
ot 


raatias 


ey esa 
Hein a LE 
VPRO: [a pu 
“a eh SHRMAPTET 


etry uit asan pe anod soecp osant 
ut. . : fr coal af seme 
= 


Sissi tev ead set te ripe: a 
nf ae aaa Ha 2 | Sai: 
AI : : 


oS Reenewe 

nares Gicae Gass bes bel oe Ec tree fe oes amet Bee! pice baat 

i a a Zea ease 
i Ae BN lg a ne z 

ets aows teeter eeprtetertrrertseret ret eet ert ~"8 isee « Sa 4 “tie an er Sarees 

Ee nr en Ean ea LE BREE os Ce 


ae ls aa ine ao 


MeNsber © CesEK Co’ 


KeE Va te bch averunev ® : 
woXxiOLsO PI tucH Te 1383 


Bs ARR INL saath eS a 


tye 


Shae 


‘ 
r 
iY 


2 


XANLLEr w SevEw CO’ * 
: = YK IO Clee tthe mreatha ay ¢ 
KeE lox to 10 mincH ¢@e@ 1383. 


Rk SERA, ay BME gsr Be ada! 


+ 


pyous Se ere 3 


e 
‘ 
eae 
ss ey 
a 
. REE 
na woae 
, oer 
‘ attr 
asus 
9 ae 
+e vwhe 
ae vier 
2 : 
a ee 
. 


Peed 


ah RUBR 


vad, 


ey RR 


Ke 


ve 


+ 


KEMNBEEE & E@vau CO’ 
VR (9 dete Ube 


10% 


IO LO 49 1MCH 


aver image 


ve i353 


seers 


t 


bee 


ee 


tne ae: 


= 


jolt 
leabels 


Eau 
ry 


pepatl 
wee 
aie 


wits 

ene 

mobs 
. 


ales Suh elabloet 2] 


see 


Pree 


KeE 


m5 


KEMNSREr © C@etd CoO 


Vara othe 
10 X¥ 1020 7S INCH 


wmres in Rey 


we 13353 


-4e 


Es 
of -Y 


Eb Ae ts 


, 


are 


aa! 


Ra 


1 
1 
ae 


a 


ee ee 


asta ee we Sia 


ESA EES 
ina “y: 


His iy. a ae 
2 big SMT ad 
Perihee ca = = 


UeAeRAE | K#EEL CO 


Kes: Av te ee rhe wyvoum A ay of 
10 xX 19010 ;3 IMCH VE 1383 


ee Gare 


ort 
tres 4 
ther . 

ta t 

ore . 

tot fe 


th 


FROeAA 6 BSE Cao 


Ya x . wea Reese 1AM EY . 
Ket IO ACO LIT IM oy ESS 


Ke 


4 
4 


KENERED S C8STY CO 


a 20 TAC 
OX 10 10 43 INCH 


rvegie nev 


we 1333 


e 


anlbd 


Eey 


nl 
Ae 
ia 


sete renin en 


aaa 


isa eod 


DBS BRS 


Lea Me/ie 
operant 


t 


. 
KEMekEr ¥ TSLES CO 
Noe an he TED MYER IMA EY © 
KeE tox soso men ve e582 Soha 
BBL orng ak ee ry Sot ao 2 ee ha a z ; . TT ens een EAE See g cere - csi 7 
+ SASL i ae. 5 na 4 - e - j : 
ete: ry eg og 4 3. = 5 a uf * Ae 
: e a tte ; a - wen” eee iene 
a “8 PS " a awe pees ESO Ey os =e Seen ie e sta gs ‘ 


ge ee eT a RE ae a Ree cet a ky awe ar ed Oa 


a 


er se. 


——lU SC Ul cee 


Rom 


SMe OL KN 


HOME! OT OF K aI 
:O9 ANGER 4 12192» 


A BLU mi term 


ERXEt Sb 


eos Fee 


ewes wees 


Sanne oe ee 


enor 


Sones enees 


ate 


re 


jo Reta fabled le 


) 


CLeatance 
Dima 


ba 
af 


+ 


va 


S Redd rag 
Pelco eT 
rae Dae 
tettd 
pune s Sram 
eee? Sars 
Ty 
e gg 
penee 
LeLTgIigy 


v4 
mibee 
bse 


62% 


Eee F CLeCu CO” 


zoom et oo A meee Aare . 
ae ARE erie tosinen 3943's, 


| — GST) _—____. phe 2. 


Pe 3 S coemaatnomemtianmieaamenen tates on atheaetia! 
™ 3 é 


DOCUMENT CONTSOL DATA-R&D j 
(Security clecyficution of tele, body of abiteuct wed ascean! waa ctation wut he cnteced ab oa tes overall t- poet da oh ollie dy __{ 
© ORIGINATING ACTIvite (Srp erate utter) 2a, REF CRS? SCZURITY CLASSIFICATION aA 
4 ONE * 
UNIVERSITY OF MICHIGAN 2b. four 
NONE 


3 RE°-OAT TITLE 
STUDY OF TWIN-AND TRIPLE-SCREW SYSTEMS FOR ICEBREAKERS 


4 DESCRIPTIVE NOTES (Type of regort and inclusive dates) 


NONE 


Q3- AUTHORIS) (First name, micdle initia! lest name) 


Horst Nowacki 


Jacob Arbel 
Harjit 5. Chopra 
i REPORT DATE 


SEPTEMBER 1956 
Ba. a ee Tha 
b. oroses POG Wn B 3-f 
4 oy 


76, WO. OF REFS 


15 


oe? 
Ja. TOTAL 0 OF PAG&S 


9a. ORIGINAT IRS REFORT NUMBERIS? 


NONE ‘ 


90. OTHER REPORT NOIS) (Any other numbers thut may be assigned 
this report) 


NONE 


d, 


19. DISTRIBUTION TEM a” 
This dogtent 4 ys subjgef to spesif] export serftrols} and ea 
govermmerts/or /forexgn nationgis may/be made only ith 
Commghidapr (Eg Goast Guard. . 


~, -, 


d | 7 Ti. SUFPLEMENTAAY NO Tet 12. Tonadanta (BR) AE 


S. Coast Guard 
NONE Dc eeene of Transportation 
1309 E st. NW, Washineton, D. C. 20591 


TOWABSTAACT 


- 
A parametric siudy of twin and triple-screw propulsion systems for large icebreakers is 
. conducted with respect te technical properties and feasibility limits. The study is 
devoted to the following aspects in particular: Bollard thrust, ahead, conventional 
propeller; Bollard thrust, astern, conventional propeller; Bollard thrust ahead and 
astern, special compromise propeller, designed for astern operation; Propulsive 
efficiency at advance speed of 1 knot; Propulsive efficiency, free running at 18 knots; 
Radial and axial clearances between propellers and hull; Steering and maneuverability; 
Propeller excited hull and shaft vibrations; Propeller strength; Cavitation--furtner, 
the effect of the following parameters had to be considered: Blade number, three versus 
four blades; Hub size, solid and dernchebre blade screws; PropeiJer diameter; Area and 
power splitting ration, 1:1:1 versus 1:2:; Powering (SHP). 


7 i 
: | \ 


Maa 2 ar 


A OR Cates Pat fae vee Se oan Se el lo Se ol Te OTe ra ne 


“ [Sp Fore qL 73 | (PAGE 1) “UNCLASSIFIED 


beov és 


: ; . 
eee oF ey SE IETS OIE a to 


KEY WORDS oe Se. < Sees F 


a 
ICEBREAKER 


PROPELLERS 
SCREWS 

TWIN 

TRIPPLE 

STUDY 

FEASIBILITY _ 
BOLLARD THRUST 
PROPULSIVE EFFICIENCY 


wee nti 


- wee Pe odes ieee - er + 


cw SERADRGL gee eee ror 


C8 OU ARR SASL at 1) SINISE PROS AEN 


ICEBREAKERS 
- PROPELLERS 
F SCREWS 
TWIN 
TRIPLE 
STUDY . : 
FEASIBILITY 
BOLLARD THRUST 
PROPULSIVE EFFICIENCY 


UNCLASSIFIED 


Security Classification 


. 
tor Ah a aU, MITER ER NeeTE tare 


